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ABSTRACT
IMPACT OF NUMERACY ON PARENTAL SELF-EFFICACY
AND TREATMENT OUTCOME OF CHILDREN ON COMPLEX DIETS

Diana Cardina Pantalos
April 8, 2015
Health numeracy, a counterpart to health literacy, can be a mediator of health disparities.
This study analyzed the impact of both cognitive and affective numeracy on the pathway
linking health behavior to health outcomes, and the role of self-efficacy in this
relationship, based on the Health Belief Model. The context was parental management of
children's complex diets that require numerical calculations.

Parents of children ages 12 months to 12 years with type 1 diabetes (T1D) or
phenylketonuria (PKU) were recruited at clinics or community events in east-central
states. Ninety-eight participants completed a standardized test of math skills, an
instrument to assess attitudes and emotions towards mathematics in daily life, and a
questionnaire on parental self-efficacy of caring for a child with T1D or PKU. Health
outcome was evaluated via hemoglobin A1c or blood levels of phenylalanine.
Engagement was measured by number of blood levels taken during glucose or
phenylalanine monitoring, compared to clinic recommendations.
vi

Factor analysis indicated affective numeracy was a significant component of the overall
variable numeracy. Structural equation modeling did not support a relationship between
any variable and health outcome, although bivariate analysis suggested significant
relationships between poor math skills, low self-efficacy, less engagement, low income,
less education, or more years on the diet, and poor metabolic control. In pathway
analysis, cognitive numeracy had a strong positive relationship with engagement, while
affective numeracy had an equal but negative predictive effect. Adjustments to the model
identified education as the ultimate driver of the relationship. Parental self-efficacy was
not a mediator between numeracy and health outcomes or engagement. The relationship
between self-efficacy and engagement was strongly influenced by other pathway
variables, and parental self-efficacy was significantly lower when the child had been on
the diet for a longer time.

This study asserts the importance of affective component of numeracy along with
cognitive skills, and offers a validated instrument for assessment. Treatment programs for
PKU and T1D should recognize that parents with lower numeracy skills and discomfort
with math are at risk for less engagement. Further research is needed to clarify the path
by which numeracy impacts health outcomes.
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CHAPTER I
INTRODUCTION

Two infants are born on the same day, into two different families in two different
communities. Beyond genetics, what determines the difference between the two
children's short and long-term health outcomes? In public health, health disparities are
examined on a larger scale, but the same question applies: what factors impact healthrelated quality of life and well-being? Healthy People, a set of 10-year national health
and disease prevention goals set by the United States Department of Health and Human
Services, has included health disparities as an overarching goal for more than two
decades. In Healthy People 2020, health disparity is defined as “a particular type of
health difference that is closely linked with social, economic, and/or environmental
disadvantage." (U.S. Department of Health & Human Services, 2011a).

Determinants of health fall into broad categories of policy, biology and genetics,
individual behavior, social factors, and physical environment (U.S. Department of Health
& Human Services, 2011a). Within these categories, characteristics such as education,
socioeconomic status, and place of residence are a few of the more specific qualities that
impact health outcomes. Health promotion and intervention require an understanding of
how well-being may be enhanced or undermined by such factors. The mediators and
1

moderators of the pathway between determinants of health and outcomes are vast, and
research is needed to measure and explain them.

Health Literacy
Health literacy is one of the mediators of health disparities (Abrams, Klass, & Dreyer,
2009; Yin et al., 2009; Yin et al., 2012). It has been recognized as a public health issue
(Baur, 2010) and an ethical imperative (Gazmararian, Curran, Parker, Bernhardt, &
DeBuono, 2005), (Nelson, Schwartzberg, & Vergara, 2005). The conceptualization and
understanding of health literacy has evolved quickly in its relatively short history.

Health literacy as a national concern has its roots in the emergence of adult literacy as a
public policy issue in the 1980's (N. Berkman, Davis, T., McCormack, L., 2010). In
1993, a large national literacy survey, the National Assessment of Adult Literacy
(NAAL), revealed inadequate skills among a surprising 90 million Americans (Kirsch,
1993). Williams and colleagues first measured health literacy, in a hospital setting, and
found one-third of English-speaking patients unable to read basic health-related materials
(M. V. Williams, Parker, Baker, & et al., 1995; M. V. Williams, Parker, R., Baker, D.,
1995), which inspired further research and instrument development (D. W. Baker,
Williams, Parker, Gazmararian, & Nurss, 1999). When a ten-year follow up of the NAAL
was planned for 2003, Healthy People 2010 requested the addition of health content, and
the relationship between low literacy and poor health has become a common topic in the
medical literature and government reports (N. Berkman, Davis, T., McCormack, L.,
2010; Berkman N.D., 2010).
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Definitions of health literacy.
Early definitions of health literacy were centered on individual capacities, such as a set of
skills required to function as a consumer in the health care environment (Ad Hoc
Committee on Health Literacy, 1999; Ad Hoc Committee on Health Literacy for the
Council on Scientific & American Medical, 1999). A widely used definition is “the
degree to which individuals have the capacity to obtain, process, and understand basic
health information and services needed to make appropriate health decisions” (Ratzan,
2000). This definition was adopted by Healthy People 2010 (U.S. Department of Health
& Human Services, 2000), the Institute of Medicine (Institute of Medicine, 2004) and
the Agency for Healthcare Research and Quality (N. D. Berkman, Dewalt, D.A., Pignone,
M.P., et al., 2004), and is used in this dissertation. Others consider health literacy as a
dynamic relationship between the individual and the health care system providing care
(D.W. Baker, 2006). In Healthy People 2020, health literacy is part of health
communication skills needed to manage health issues, which include ability and
experience using the Internet (U.S. Department of Health & Human Services, 2013).

Recently health literacy has also been viewed in a broader context, such as an asset in a
community’s ability to navigate and improve health care systems (Nutbeam, 2008). The
World Health Organization (WHO) sees health literacy in the domain of health
promotion, since improving access to health information and the ability to use it result in
empowerment at the community level (World Health Organization, 2009). While this
dissertation studies health literacy on the individual level, this wider view also
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acknowledges the place of health literacy on the pathway between determinants of health
and health outcomes.

Prevalence of low health literacy.
In the 2003 NAAL assessment of abilities to read health-related passages and instructions
in English, 36% of U.S. adults had limited health literacy: 22% had Basic and 14%
Below Basic (National Center for Educational Statistics, 2003). Another 5% of the US
population is not literate in English at all. Low health literacy contributes to health
disparities in vulnerable populations, including older adults, immigrants, minorities, and
low-income individuals (Glassman, 2013). In addition to individual costs, the national
economic impact of low health literacy has been estimated at $106 to $238 billion per
year (Vernon, 2007). The economic, social, and individual effects of low health literacy
have implications for a related issue, numeracy.

Numeracy and Health Numeracy
The term "numeracy" was coined as the "mirror image of literacy" in the mid-twentieth
century (Ministry of Education, 1959). Some definitions of numeracy in adult
mathematics education literature continue to view it as subsumed within literacy, while
others see it as a separate content area and focus on its distinction from "mathematics," or
its application to a variety of life contexts (American Institute for Research, 2006). A
more comprehensive definition of numeracy is “the ability to access, use, interpret, and
communicate mathematical information and ideas, to engage in and manage
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mathematical demands of a range of situations in adult life” (Organisation for Economic
Cooperation and Development, 2012).

As the significance of health literacy became better understood, the health literature also
envisioned health numeracy first as a subset of health literacy (Institute of Medicine,
2004). Golbeck and colleagues introduced the concept of health numeracy as a separate
entity (Golbeck, Ahlers-Schmidt, Paschal, & Dismuke, 2005). Subsequent literature has
continued to treat health numeracy as an independent construct from health literacy (N.
D. Berkman, Sheridan, S.L., Donahue, K.E., Halpern, D.J., Viera, A., Crotty, K.,
Holland,A., Brasure, M., Lohr, K.N., Harden, E., Tant, E., Wallace, I., Viswanathan, M.,
2011). This classification is bolstered by evidence that health numeracy is independent
from health literacy as a factor in health outcomes (R. L. Rothman, Montori, V. M.,
Cherrington, A., Pignone, M.P., 2008).

Definitions of health numeracy.
The literature on the application of numerical skills to health often uses the term
“numeracy” to refer to one or two specific mathematics tasks related to particular health
situations. For example, authors have limited their concept of health numeracy to the
understanding of probability in risk assessment (Aggarwal, Speckman, Paasche-Orlow,
Roloff, & Battaglia, 2007; Lipkus, Samsa, & Rimer, 2001), or the use of percentages in
asthma management (A. J. Apter, Cheng, J., Small, D., Bennett, I.M., Albert, X., Fein,
D.G., George, M., Van Horne, S. , 2006). But numeracy, and health numeracy, are
broader concepts in both mathematics and life-skills applications. Several authors have
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acknowledged the broader picture of numeracy (R. L. Rothman, Montori, V. M.,
Cherrington, A., Pignone, M.P., 2008), (Marilyn M. Schapira et al., 2012), (Ancker &
Kaufman, 2007), (Montori & Rothman, 2005), but none has embraced the entire scope of
numeracy in a health context. Golbeck provides the most comprehensive definition of
health numeracy: “the degree to which individuals have the capacity to access, process,
interpret, communicate, and act on numerical, quantitative, graphical, biostatistical, and
probabilistic health information needed to make effective health decisions” (Golbeck et
al., 2005).

A numeracy framework.
Beyond a comprehensive view of numeracy, a framework is needed to describe the
relationships among the components. Researchers have designed frameworks for health
numeracy based on theoretical and qualitative interpretations of the use of numbers in
health decisions. Golbeck and colleagues proposed four functional categories: Basic,
Computational, Analytical, and Statistical (Golbeck et al., 2005). Nutbeam's health
literacy skill levels - functional, interactive, and critical - also apply to health numeracy
(Nutbeam, 2000). Apter proposed a conceptual model for communication of numerical
information using a matrix of numeracy elements and mastery levels required to describe,
interpret, or make a decision using numbers (A. Apter et al., 2008). She used it as a tool
for planning numeracy communication that would enhance patient autonomy and shared
decision-making.
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However, these models omit an important group of factors that impact the use of health
numeracy. Personal, emotional and attitudinal aspects of engaging in health numeracy
activities can make or break a person's entry into the health numeracy process. Therefore
this study used a numeracy framework from the adult learning literature that incorporates
all these factors. Published by the National Center for the Study of Adult Learning and
Literacy, it integrates frameworks from adult numeracy and mathematics in the U.S. and
United Kingdom with K-12 and community college frameworks (Ginsburg, 2006). The
fundamental elements inherent to proficient adult numeracy are described. Figure 1
shows the components and subcomponents of numeracy in this framework.

Context is the property that differentiates numeracy from mathematics. It connects the
use of numbers to a purpose or use via a math-related task. Common contexts are the
family, workplace, and community. Content is defined as “the mathematical knowledge
that is necessary for the tasks confronted” (Ginsburg, 2006). In this model, mathematical
tasks are grouped into four categories of Numbers and Operations, Patterns and Algebra,
Measurement and Shape, and Statistics and Probability. A similar but more detailed
grouping of mathematics skills is contained in the Common Core State Standards
(Appendix A) adopted by most U.S. states and territories (Common Core State Standards
Initiative, 2012), which may be more familiar to U.S. residents.
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Figure 1. Numeracy Framework: Components and Subcomponents of Numeracy
Adapted from Ginsburg (Ginsburg, 2006)

Numeracy

Context
• Family
• Workplace
• Community

Content
•
•
•
•

Numbers & Operations
Patterns & Algebra
Measurement & Shape
Statistics & Probability

Cognitive
•
•
•
•

Conceptual Understanding
Adaptive Reasoning
Strategic Competence
Procedural Fluency
Affective - Productive
Disposition
• Beliefs
• Attitudes
• Emotions
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Cognitive.
Ginsburg groups cognitive and affective numeracy together as both are required to enable
an individual to solve problems. They are the link between numeracy and behavior. We
will examine the cognitive component briefly, and then the affective in more detail.

The cognitive component of numeracy refers to the application of skills to solve
problems (Ginsburg, 2006). The term “functional numeracy” has also been used (Kerr,
2010). These processes link content and context, to enable an individual to solve
problems. They include four subcomponents that require further explanation.
Conceptual understanding refers to the integrated, functional grasp of mathematical ideas.
Adaptive reasoning is the capacity to think about relationships among concepts in a
logical way. Strategic competence is needed to formulate, represent, and solve
mathematical problems. Finally, procedural fluency is the ability to perform calculations
correctly using problem-solving strategies and technological aids (Ginsburg, 2006).

Affective.
Mathematics affect is a complex construct, and includes attitude, interest, locus of control
and beliefs (Chamberlin, 2010). Ginsburg described it as the elements that impact a
person’s ability and willingness to engage in activities that involve numbers, and to
persist with those activities (Ginsburg, 2006). This “productive disposition” determines
whether the entire process of numeracy activity is implemented, as the individual must be
emotionally ready to undertake the task, and to persevere despite confusion, frustration,
or ambiguity. The field of mathematics education has explored these issues as related to
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classroom learning and testing (E. A. Maloney, Ansari, & Fugelsang, 2011; Wu, Barth,
Amin, Malcarne, & Menon, 2012), as well as the use of math in daily life. Affective
factors play a significant role in activities requiring mathematics reasoning (Erin A.
Maloney & Beilock, 2012). Subcomponents of the affective domain are beliefs, attitudes,
and emotions, and they develop not solely from schooling, but from life experiences,
cultural influences, and perceptions (Ginsburg, 2006).

Beliefs are a set of ideas in which expectations are grounded. New experiences are
understood through the lens of beliefs (Ginsburg, 2006). Over time, people develop
mathematics-related beliefs about their ability to learn math, the usefulness of
mathematics in their lives, and their confidence in attempting math-related problems. As
such, they include self-efficacy, the belief in one’s capability to produce a given
attainment (Bandura, 1977). Self-perceptions of capabilities influence behaviors,
including what actions to pursue and how long to engage in them, regardless of whether
the assessment of personal efficacy is accurate. People undertake activities they believe
they can manage, and avoid those they perceive to exceed their abilities (Bandura, 1982).

Attitudes are feelings and preferences about mathematics, and they vary in direction and
intensity. Negative attitudes may be expressed as a dislike of working with numbers or
discomfort in asking for help with a problem (Ginsburg, 2006). Positive attitudes are
apparent when math is a source of entertainment or personal challenge. Mathematics
attitudes impact whether tasks are viewed as a challenge or a nuisance (Fennema, 1976).
The amount of energy invested in the task may vary accordingly.
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Emotions in response to math can be powerful barriers to completion of tasks involving
numbers (McLeod, 1994). Math anxiety is a well-known response. By definition it
involves “feelings of tension and anxiety that interfere with the manipulation of numbers
and the solving of mathematical problems in a wide variety of ordinary life and academic
settings” (Richardson, 1972). Mathematics educators recognize the negative effect of
math anxiety on working memory (Ashcraft, 2009; E. A. Maloney et al., 2011), and even
basic skills such as counting (E. A. Maloney, Risko, E.F., Ansari, D., Fugelsang, J.,
2010). It remains after schooling is completed, and it may be independent of actual
mathematics abilities (Eccles, 1986). Individuals with math anxiety avoid situations that
use math, and perform poorly on mathematical tasks (Bai, 2008). Visceral threat
detection pathways and pain networks in the brain are activated when high math-anxiety
individuals anticipate a math-related task (Lyons & Beilock, 2012), producing a physical
deterrent to engaging in mathematics activities.

Ginsburg's framework provides a very comprehensive view of numeracy, not only by
including the entire range of mathematical content, but especially by giving similar
weight to the cognitive and affective components. When the context of numeracy is
personal health, an individual's complex and unique relationship with numbers comes
into play. Now we look to an area of health in which numbers are a necessary interface
between people and health issues. Nutrition is a prominent public health concern, and
numbers are central to understanding and communicating information about this topic.
We will examine numeracy in the context of nutrition, and then describe a particular
population that is the focus of this study.
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Numeracy and Nutrition
Even before the birth of nutrition science, food was tied to numbers. Food was measured
in the field, the marketplace, and the kitchen. The first USDA food guide for nutritional
health in 1916 specified five food groups (Welsh, 1993). The identification of essential
nutrients and development of chemical analysis techniques enabled publication of data on
the nutrient composition of food, which now appears in a simplified form on food labels.
With developments in quantitative understanding of nutrition and health, numerical
information about food and nutrition has become more accessible to the public, and
expectations for use of that data have become more complex. Many guidelines for
healthy eating require multiple step calculations, such as determining "30% of calories
from fat" (American Heart Association, 2010). Interpretation of food labels also requires
competencies beyond the four basic mathematics functions. Both low literacy (Jay, 2009)
and low numeracy (R. L. Rothman et al., 2006) have been associated with poor
understanding of food labels. Numbers are an inescapable part of the language of food
and nutrition.

Special diets.
When diet is a key preventative strategy or treatment for a chronic medical condition,
numeracy expectations may become even more complex. Nutritional intake goals are
narrower and food choices may be more limited. The diet plan may set a daily goal or
limit for one or more components, with the expectation that intake be tallied throughout
the day. In addition, foresight and planning are needed to assure that the day's intake
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reaches but does not overshoot the goal. Diet management of these chronic conditions
also requires measurement, estimation, and conversion of units of measure. When a
health condition varies with energy expenditure or medication in addition to food intake,
numerical tasks are even more critical to outcomes.

Diet modifications in childhood.
Pediatric conditions add another layer of complexity to the use of numeracy in health, as
the amount of food requires finer tuning with smaller body size, and nutrient
requirements are dynamic due to growth needs. Parents must be competent in many
aspects of numeracy to perform the everyday task of feeding a child with special dietary
needs. The process involves changes in food planning, procurement, preparation,
scheduling, expenses, and mealtime dynamics (Taylor, 1993). Diet modification for
children is challenging: of all recommended medical treatments for chronic pediatric
conditions, diet has the lowest rate of adherence (Mackner, McGrath, & Stark, 2001). In
a review of the literature on this topic, the diets with the lowest rates of adherence
(between 1 and 56%) were those for cystic fibrosis, Type 1 diabetes, phenylketonuria and
chronic renal disease (Mackner et al., 2001). These researchers have called for further
study of factors related to dietary adherence, given the importance of diet in many
chronic pediatric conditions.

Two Pediatric Conditions
This investigation centered on two of these pediatric conditions, as they provide unique
opportunities to study relationships between numeracy and outcome. Type 1 diabetes
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(T1D), and phenylketonuria (PKU) are both chronic metabolic conditions requiring
extensive parent education on diet management (Al Sayah, Majumdar, Williams,
Robertson, & Johnson, 2013). In each disorder, a blood test gives a reliable biomarker of
adherence to diet. Neither disorder is a consequence or comorbidity of other health
conditions that are associated with low numeracy skills, such as obesity which has its
own relationship with numeracy (M.M. Huizinga, Beech, Cavanaugh, Elasy, & Rothman,
2008; M. M. Huizinga, S. Pont, et al., 2008). While most research on diet and numeracy
has been in patients with type 2 diabetes, the numeracy component of care in T1D is
more complex (Cavanaugh et al., 2008). In the next section, these two conditions are
described and their current treatment strategies are explained.

Phenylketonuria.
Phenylketonuria is an inherited disorder of protein metabolism. Inheritance is autosomalrecessive, meaning each parent is a carrier of the trait but does not have the disorder.
Family history is typically negative for PKU (Screening Technology and Research in
Genetics Project, 2013). Since the late 1960's, newborn screening in the U.S. and other
developed countries has identified PKU in the first week of life. Incidence is 1 in 10,000
among Caucasians and 1 in 200,000 among African Americans. In the U.S. overall,
incidence is 1 in 15,000 live births. PKU is more common in Ireland, Poland, and Turkey
(Vockley et al., 2014) due to genetic differences in the populations of those countries.

The building blocks of protein are amino acids, some of which are essential, as humans
can't manufacture them from other compounds. Phenylalanine is one of the essential
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amino acids. A liver enzyme, phenylalanine hydroxylase, breaks down extra
phenylalanine beyond the body's needs. PKU results from a deficiency of this enzyme
(National Institutes of Health, 2000). With insufficient enzyme activity, high blood levels
of phenylalanine in untreated PKU cause severe mental retardation (Vockley et al.,
2014). Primary treatment for this disorder is a diet that carefully balances protein needs
with strict control of phenylalanine in the diet. Consequences of poor adherence to the
diet are neurological damage, progressive loss of IQ points in children, and
neuropsychiatric issues at all ages (Wrona, 1979). Societal costs of inadequate PKU
treatment include special education services for children, and the loss of productivity due
to cognitive impairment and/or mental health issues in adulthood (U.S. Department of
Health & Human Services, 2011b). Diet treatment for PKU is life-long (National
Institutes of Health, 2000).

The diet for PKU requires strict control of the amount of phenylalanine in the diet to
prevent high blood levels, yet to meet essential needs for the nutrient (Singh et al., 2014).
High protein foods such as meat, eggs, dairy foods, and legumes are eliminated, while
grain products and starchy vegetables are quite restricted. The diet is primarily fruits,
vegetables, and specially modified foods such as low protein bread and pasta (IeversLandis, 2005). To meet protein needs without additional phenylalanine, individuals must
consume a medical protein product, usually as a beverage, several times a day (National
PKU Alliance, 2013).
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The degree of enzyme deficiency in PKU varies with the individual (Vockley et al.,
2014). By monitoring blood levels and dietary intake, the medical team can estimate an
individual's tolerance, and identify the optimal daily intake of phenylalanine and medical
protein (Singh et al., 2014). "Classic" PKU traditionally describes individuals with little
enzyme activity who require a strict diet, while the term "hyperphenylalanemia" indicates
greater enzyme activity allowing for a relatively liberal protein restriction. Families are
trained to keep a diet record of the child's intake for several days and report it to the
clinic. Blood levels of phenylalanine are monitored weekly to monthly, depending on
clinic protocol, age of patient, and clinical factors (Freehauf, Van Hove, Gao, Bernstein,
& Thomas, 2013). In most U.S. programs, parents take a blood sample from the child's
finger, place it on filter paper, and mail it to a laboratory (National PKU Alliance, 2013).
Blood levels should be between 2.0 and 6.0 mg/dl in all age groups (Vockley et al.,
2014). Nutritional needs change with growth from infancy through adolescence, requiring
changes in the dietary prescription (Singh et al., 2014).

Phenylalanine in the diet can be tracked by several methods. Counting phenylalanine in
milligrams is the most precise. Some clinics use an exchange system (1 exchange = 15
mg). Depending on a child's phenylalanine tolerance, some families may count protein in
grams (Singh et al., 2014). U.S. food labels round protein content to the nearest gram,
which is not precise enough for tracking intake. An extensive listing of the protein and
phenylalanine of over 6,000 foods is available in print or electronic format (Schuett,
2010). The numeracy skills required for PKU are outlined in Appendix B, mapped to the
Common Core State Standards (Common Core State Standards Initiative, 2012).
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A medication for the treatment of PKU, sapropterin, received FDA approval in 2007
marketed under the name Kuvan (BioMarin Pharmaceutical, Novato, CA). It enhances
the activity of the enzyme phenylalanine hydroxylase in some individuals with PKU,
allowing a more liberal diet while keeping blood levels in the goal range. Individuals
enroll in a trial period to determine responsiveness to the drug, during which frequent
submission of blood levels and food records is usually required. Individuals with more
baseline enzyme activity are most likely to respond to sapropterin.

Type 1 Diabetes.
Type 1 diabetes is one of the most common chronic childhood diseases, with a
prevalence of one in 400 to 600 in the United States (Kelo, Martikainen, & Eriksson,
2011). Similar to type 2 diabetes, the incidence of T1D has been increasing in North
America since the mid-1950’s, and children are being diagnosed at a younger age.
However, T1D is an autoimmune disease in which the insulin-producing cells of the
pancreas are destroyed, leading to insulin deficiency. In type 2 diabetes, reduced
sensitivity to insulin is the major factor. Type 2 diabetes strongly tied to obesity, while
children with type 1 diabetes are not typically overweight (International Diabetes
Federation, 2007).

T1D is not inherited in an identified pattern, but evidence suggests that environmental
factors affect those with a genetic predisposition (International Diabetes Federation,
2007). Only 2-4% of children with T1D have a parent with diabetes (Craig, Hattersley,
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& Donaghue, 2009). While 94% of U.S. children with type 2 diabetes belong to minority
communities, the highest rates of type 1 diabetes are in non-Hispanic white youth.
(International Diabetes Federation, 2007).

Type 1 diabetes is a serious threat to health. Children usually present with weight loss,
excessive thirst and urination, and lethargy, and may require acute care to treat or prevent
ketoacidosis. The goal of type 1 diabetes management is to maintain blood glucose
levels to as near normal as possible (Silverstein et al., 2005). Complications can only be
prevented or minimized by achieving good control. High blood sugar can cause diabetic
coma, neurological damage, blindness and kidney failure. At the other extreme, low
blood sugar places the child in immediate danger of seizures and death(International
Diabetes Federation, 2007). Yearly costs of type 1 diabetes in the U.S. are estimated at
$14.4 billion, including medical costs and lost income (Tao, 2010).

Intensive education for the parents of a child with T1D begins shortly after diagnosis.
Tasks include monitoring of blood glucose levels using a glucose meter at home several
times a day. Frequency of monitoring is closely related to glucose control. Patterns in
blood levels before or after meals, overnight, or surrounding physical activity inform
adjustments in dosing of insulin. A memory chip in most blood glucose meters records
frequency of monitoring and results, enabling observation of trends by parents or
clinicians. Daytime blood glucose goals are 100-180 mg/dl for children under 6 years,
and 90-180 for 6 to 12 year olds. Parents learn to administer insulin, and to adjust the
doses daily according to diet and physical activity. Some children are able to use an
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insulin pump instead of injections. (Silverstein et al., 2005). Children are taught self-care
as developmentally appropriate.

Median glycosylated hemoglobin (A1C) reflects average glucose levels over several
months, and predicts diabetes complications. Blood levels are usually measured every 3
months, or as clinically indicated; an A1C value at or below 7.5 is recommended for all
ages in pediatrics (Chiang, Kirkman, Laffel, & Peters, 2014).

The primary goal of dietary treatment for T1D is to maintain blood glucose levels in the
desired range (American Diabetes Association, 2003). The focus of the diet is the
carbohydrate content of meals and snacks. The type of carbohydrate is less important
than the amount and timing throughout the day, and adjustment of insulin dose according
to carbohydrate intake (Silverstein et al., 2005). Dietary fat and cholesterol intakes are
also modified to prevent cardiovascular complications of diabetes. Other nutrient
requirements are similar to children without diabetes (American Diabetes Association,
2003). Using the Common Core State Standards (Common Core State Standards
Initiative, 2012), the numeracy skills required for T1D are described in Appendix C.

Complex diets and numeracy.
PKU and T1D are both serious chronic pediatric conditions in which nutritional intake is
the primary treatment and a key factor in outcome. Management of both conditions
requires numeracy tasks throughout the day. Diet management is complex and involves
planning and recording a child's intake of nutrients in very small quantities: grams or
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milligrams. That diet adherence often falters is not surprising. Parents who struggle with
the expected management tasks may become less engaged in care, and complete fewer
blood samples or diet records. Difficulty with diet management has been documented in
both PKU (MacDonald, 2000; MacDonald, Gokmen-Ozel, van Rijn, & Burgard, 2010;
Walter, 2002) and T1D (Bowen et al., 2013; Cavanaugh et al., 2008; Hassan & Heptulla,
2010). Extensive learning resources for families and teaching programs for clinicians
have been created for both PKU (Cristine M. Trahms Program for Phenylketonuria, 2008;
National PKU Alliance, 2013), and T1D (International Diabetes Federation, 2014;
University of California San Francisco, 2013), including computer applications
(Cambrooke Foods, 2010; Kerr, 2010). However, none of these aids circumvents the use
of numbers entirely.

This study examined a more fundamental question about the underlying factors that
predispose parents to success or difficulty in meeting treatment goals. What can the
extreme diets of PKU and T1D teach us about how numeracy affects a parent's ability to
manage a child's diet? Researchers have called for further study of the underlying factors
that impact management of complex diets (MacDonald et al., 2010; Mackner et al., 2001;
U.S. Department of Health & Human Services, 2000), and clarification of the pathway
between numeracy and health outcome (Bekhof et al., 2003; N. D. Berkman, Sheridan,
S.L., Donahue, K.E., Halpern, D.J., Viera, A., Crotty, K., Holland,A., Brasure, M., Lohr,
K.N., Harden, E., Tant, E., Wallace, I., Viswanathan, M., 2011; Paasche-Orlow & Wolf,
2007). This study sought to shed light on these concerns.
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The Problem
The purpose of this study was to evaluate the relationship between parental numeracy and
health outcomes of their children who require complex diets. To what degree is parental
numeracy related to achievement of treatment goals? Does cognitive numeracy act as a
direct barrier to diet management? Or does numeracy foster indirect barriers to diet
adherence via affective pathways, including via self-efficacy? This study assessed the
relationship between parental numeracy and child diet management, focusing on two
health conditions that require complex diets.

Hypotheses.
1. The hypothesis was that children of parents with lower cognitive and affective
numeracy would have poorer control of their chronic condition.
2. It was predicted that self-efficacy would mediate the relationship between numeracy
and both engagement in disease management and indicators of health outcomes.

Delimitations.
Inclusion criteria for this study was parents and other primary caretakers of children ages
12 months to 12.9 years who had been diagnosed with PKU or T1D for at least one year.
Parents of children age 13 and up were excluded as at this age children are expected to
take over a substantial degree of self-care of their disorder, including blood monitoring
and diet management (Kelo et al., 2011; Silverstein et al., 2005; Trahms, 2008).

21

Participants were excluded if the child had been diagnosed with hyperphenylalanemia,
the mild form of PKU, as the diet for that disorder is more liberal than classic PKU.
Likewise, the current use of the medication Kuvan disqualified participation. Certain test
instruments are not available in foreign languages; therefore participants must be literate
in English.

Participants were primarily recruited at the outpatient clinic where they received care for
PKU or T1D. Due to the low prevalence of PKU, additional participants were sought at
community events for families of individuals with PKU in order to enroll an adequate
sample.

Limitations.
This study had several limitations. Selection was not random, and recruitment strategies
may have favored parents who were more literate or more self-confident, who had more
outgoing personalities, and/or who had children in better control and who may have been
more likely to submit frequent blood levels. Participants may not have been truthful
about their mathematics attitudes or self-efficacy. By omitting children with PKU who
are on the medicine Kuvan, we may have eliminated children with greater tolerance for
phenylalanine.

Blood levels of children with either PKU or T1D may be affected by factors other than
dietary control alone. In PKU, metabolic changes during infection, inflammation, and
injury cause elevated blood levels of phenylalanine (Singh et al., 2014). In T1D, blood
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glucose levels also rise during illness, and additionally may be affected by stress, fatigue,
and other factors (Chiang et al., 2014). Data in this study was not adjusted for these
influences, as the information was not available from either PKU or T1D clinic data.

In pathway analysis, we assumed that numeracy, as measured by the mathematics test
and math attitude instrument, enables parents to do the required mathematics tasks for
disease management. But other unmeasured factors may have been involved, such as
motivation to comply with the diet, parenting skills that influence ability to enforce a
food regimen, or availability of prescribed foods in the home. In addition, the
mathematics test measured numeracy skills without use of a calculator, although parents
may use one in the actual process of daily diet calculations.

Assumptions.
In this study, the characteristics of parents were examined in relation to their children’s
health outcomes. This study concerned adult health numeracy, and utilized scales
designed and validated for adults. While children ideally begin to learn about their health
needs from an early age, and participate in self care as developmentally appropriate, the
health numeracy tasks used in the care of children in this study will be the responsibility
of their parents.

Engagement was measured by the number of blood samples measured compared to clinic
recommendations. This measure served as a proxy for diet adherence, under the
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assumption that submitting blood samples indicated they were also engaged in trying to
manage the diet in accordance with clinic recommendations.

The research also assumed that parents had the vision and reading skills necessary for
completion of the instruments. It was assumed that blood levels hadn't been influenced
by other factors such as illness or irregularities in blood collection or analysis techniques.

Definitions.
Phenylketonuria (PKU) is an inherited disorder of protein metabolism. It is also referred
to as phenylalanine hydroxylase deficiency in the literature. Hyperphenylalanemia is a
mild form of this condition. Type 1 diabetes (T1D) has also been called "juvenile onset
diabetes" or "insulin-dependent diabetes." For the purpose of this study, "parent"
referred to a primary caretaker of the child with T1D or PKU. This may have included
grandparents, guardians, or foster parents who assumed day-to-day care of the child.

Health literacy was defined as “the degree to which individuals have the capacity to
obtain, process, and understand basic health information and services needed to make
appropriate health decisions” (Ratzan, 2000). Numeracy is “the ability to access, use,
interpret, and communicate mathematical information and ideas, to engage in and
manage mathematical demands of a range of situations in adult life” (Organisation for
Economic Cooperation and Development, 2012). Health numeracy was defined as “the
degree to which individuals have the capacity to access, process, interpret, communicate,
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and act on numerical, quantitative, graphical, biostatistical, and probabilistic health
information needed to make effective health decisions” (Golbeck et al., 2005).

Cognitive numeracy refers to the application of skills to solve problems, while affective
numeracy is made up of the elements that impact a person’s ability and willingness to
engage in activities that involve numbers, and to persist with those activities (Ginsburg,
2006).
Self-efficacy was defined as the belief in one’s capability to produce a given attainment
(Bandura, 1977). The definition of math anxiety used in this paper was “feelings of
tension and anxiety that interfere with the manipulation of numbers and the solving of
mathematical problems in a wide variety of ordinary life and academic settings”
(Richardson, 1972). Engagement referred to the parent's level of participation in the
monitoring of the child's PKU or T1D, and was evaluated by the number of blood levels
taken as a proportion of the number expected by the clinic.

Summary
This study used the complex diets required for PKU and T1D to look at relationships
between numeracy and health outcomes. The following section examines the literature on
health literacy and numeracy relative to health outcomes, dissects the concept of
numeracy into its component parts, identifies the mathematical expectation of parents
who have a child with specific chronic disorders treated by a complex diet, and considers
a theoretical model to guide this study. Numeracy may be a direct and/or indirect factor
in the ability of parents to be successful in caring for their child with a chronic condition
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on a specialized diet, and the goal of this study was to identify salient factors on the
pathway between numeracy and outcomes.
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CHAPTER II
REVIEW OF LITERATURE

The purpose of this study was to investigate the numeracy-related factors that impact
health outcomes in children on complex diets. The literature that informs this research
comes from the diverse fields of medicine and public health, mathematics, psychology,
education, nutrition and dietetics, and communication. Health literacy research
blossomed in the first ten years of this century, and health numeracy studies began to
surface in the middle of that decade. Although outcome studies have been relatively
recent, the literature provides many studies regarding literacy and numeracy as related to
outcomes in several chronic health conditions, and prior studies provide necessary
background.

As background for this study, the literature was searched to locate research findings
specific to health literacy and numeracy as related to health outcomes, and to capture
existing knowledge on factors that may explain this relationship. Relevant sources were
those that examined numeracy from an applied perspective, or articles applying numeracy
or literacy to health. Search terms used were "health literacy," "numeracy," "health
numeracy," "self-efficacy," in combination with "diabetes," "Type 1 diabetes," "glycemic
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control," "phenylketonuria," "PKU," "parents," and "health." The latter terms were also
searched in combination with "mathematics," and "math anxiety" to find literature that
explored the cognitive and affective components of numeracy.
An additional search combined selected terms with "assessment," questionnaire," or
"measure." The databases PubMed, Medline-Ovid, EBSCO Academic Search Premiere,
and CIHAHL were searched with no restrictions on date of publication.

The literature describes evidence of a relationship between literacy and health outcomes,
but the relationship between numeracy and health is less clear. This review addresses
literacy briefly, and numeracy in greater depth. The literature does not adequately explain
the route by which numeracy impacts health, and provides little evidence on its role in
parental management of childhood health conditions. Numeracy in PKU has not been
examined at all. The impact of numeracy on health outcomes is not fully explained by
the current literature, and this study intended to add to the understanding of that
relationship.

Health Literacy
Health literacy and health outcomes.
The many studies addressing the association between health literacy and health outcomes
have been summarized in comprehensive reviews of the topic (N. D. Berkman, Sheridan,
Donahue, Halpern, & Crotty, 2011; D. A. Dewalt, Berkman, Sheridan, Lohr, & Pignone,
2004). They conclude that low health literacy can have a substantial role in health
outcomes. Many government departments that examine national public health issues also
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recognize the significance of this relationship. The Institute of Medicine, for example,
cites cumulative and consistent research findings that support a connection between
limited health literacy and health outcomes (Institute of Medicine, 2004). This
relationship is the basis for objectives, recommendations, and resources concerning
health communication offered by Healthy People 2020 (U.S. Department of Health &
Human Services, 2013), the Centers for Disease Control and Prevention (2013), and the
Healthcare Resources and Services Administration (2012). Key medical organizations,
including the Joint Commission, American Medical Association, and the Agency for
Healthcare Research and Quality, also regard health literacy as a fundamental issue in
health outcomes (Yin et al., 2012).

On the other hand, the role of health literacy in dietary outcomes and nutrition behaviors
has not been thoroughly researched. A recent review of the literature on health literacy
and nutrition (Carbone & Zoellner, 2012) found 33 relevant studies, but most were
evaluations of the readability of nutrition materials in print or on websites. A few
descriptive studies have addressed nutrition-related skills such as estimation of portion
sizes (M. M. Huizinga et al., 2009) and comprehension of nutrition labels (R. L. Rothman
et al., 2006). However insufficient research has been conducted on the relationship
between health literacy, including numeracy, and diet adherence or outcomes.

The pathway between health literacy and outcomes.
Health literacy is significant: some have considered it to be a stronger predictor of health
than age, race, income, employment status or education(Al Sayah, Majumdar, et al.,
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2013). The causal pathway between health literacy and outcomes has not been fully
established (Institute of Medicine, 2004). Berkman et al identified health-related
knowledge, self-efficacy, and beliefs as explanatory factors that mediate the relationship,
and called for research on the pathway using control variables on a causal pathway (N. D.
Berkman, Sheridan, S.L., Donahue, K.E., Halpern, D.J., Viera, A., Crotty, K.,
Holland,A., Brasure, M., Lohr, K.N., Harden, E., Tant, E., Wallace, I., Viswanathan, M.,
2011). Some researchers consider health literacy to be a key explanation for the effects
of demographic factors or social determinants on health. Yin concluded that health
literacy may act as a mediator of racial/ethnic health disparities (Yin et al., 2009; Yin et
al., 2012), and Abrams identifies health literacy as a possible mediator of adult health
disparities in general (Abrams et al., 2009). Others consider health literacy as a social
determinant of health in its own right (Baur, 2010). Paasche-Orlow & Wolf identify three
points along the pathway linking health literacy to health outcomes: access to health care,
patient-provider relationship, and self-care practices (Paasche-Orlow & Wolf, 2007).

Research is needed to understand this relationship, especially as it applies to children,
who have a unique place in the national health literacy agenda (Abrams et al., 2009).
One in four U.S. parents has limited literacy skills (Yin et al., 2009). A key
recommendation to improve health inequities of children is meeting the health literacy
needs of their parents (Sanders, Shaw, Guez, Baur, & Rudd, 2009), as children of low
literacy parents have worse health outcomes than those with more literate parents
(Sanders, Federico, Klass, Abrams, & Dreyer, 2009). A review of the literature on health
literacy and child health outcomes concludes that the relationship is independent of the
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effects of literacy on the use of health services, and calls for further research on both
causal and non-causal pathways between parent literacy and health outcomes (D. H.
DeWalt, A., 2009).

Health numeracy is viewed as a subcomponent of health literacy in some publications,
and as an independent factor in others. Therefore, research on health numeracy is found
both within health literacy studies, and in numeracy-specific articles. Subjective measures
of numeracy and health literacy have indicated that they are related but unique skills (C.
D. McNaughton, Rothman, R., Marcovitz, D.E., Storrow, A.B., 2011). In studies that
have assessed both health literacy and numeracy in relation to the same health outcomes,
numeracy has been more highly correlated with outcomes than health literacy (Marden et
al., 2012; R. L. Rothman et al., 2006).

Health Numeracy
Health numeracy and social characteristics.
In the U.S., poor numeracy skills are more common than poor literacy. In a recent
international assessment of adult cognitive and workplace skills, by the National Center
for Health Statistics, 18% of the U.S. sample had low literacy (Level 1 or below),
including 4% with below basic skills. In comparison, low numeracy was present in 30%
of the sample, with 10% below basic skills (Goodman, 2013). This data also captured
differences in numeracy by demographic factors. Females were more likely to have low
numeracy skills than males, with 33% of women having Level 1 scores or below, while
27% of males were in this category. Numeracy skills vary with race/ethnicity. Low
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numeracy was identified in 59% of blacks, 56% of Hispanics, and 19% of whites. A
study of health literacy and numeracy skills among Spanish-speaking parents of young
children, in which all assessments were conducted in Spanish, found a profound
discrepancy between health literacy (77% adequate) and numeracy abilities (0.6%
adequate) of participants (Yin et al., 2012).

Many social determinants of health are related to numeracy skills. Individuals with low
socioeconomic status and educational achievement have more difficulty with numeracy
tasks (Montori & Rothman, 2005). As expected, a higher percentage of adults who are
unemployed have low numeracy skills than those who have jobs (42% versus 25%)
(Goodman, 2013). U.S. adults performing at low numeracy levels are far more likely to
receive social assistance than those with better numeracy skills (Ginsburg, 2006).
Education increases the likelihood of excellent numeracy, but does not guarantee it.
While 63% of individuals with less than a high school education had low numeracy, 35%
of high school graduates and 16% of those with an associate’s degree were also in that
category (Goodman, 2013). Even among holders of a bachelor’s degree, 9% scored at
Level 1 or below. Low numeracy in the U.S. is thus widespread and clustered in
disadvantaged population groups. Is the poor status of numeracy in the U.S. reflected in
health outcomes?

Numeracy and health outcomes.
Adult numeracy skills vary with self-reported health status. Of those reporting poor or
fair health status, 51% have low level numeracy skills, while 21% of adults reporting
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excellent or very good health have low skills (Goodman, 2013). Several studies have
evaluated the impact of health numeracy on outcomes in chronic health conditions.
Berkman and colleagues performed an extensive review of the evidence on the topic, and
stated that the literature was inconclusive without a broader evidence base and studies
that distinguish between print and numeracy components of health literacy (N. D.
Berkman, Sheridan, S.L., Donahue, K.E., Halpern, D.J., Viera, A., Crotty, K.,
Holland,A., Brasure, M., Lohr, K.N., Harden, E., Tant, E., Wallace, I., Viswanathan, M.,
2011). A closer look at this body of literature reveals findings about the factors that
affect the pathway between numeracy and health outcomes.

Asthma is a chronic condition that requires daily, involved health decisions about
medication dosing and treatment choices that require the use of numbers. Apter et al
developed a disease-specific tool based on typical asthma self-care instructions to assess
understanding of numerical concepts (A. J. Apter, Cheng, J., Small, D., Bennett, I.M.,
Albert, X., Fein, D.G., George, M., Van Horne, S. , 2006). They found a significant
negative association between numeracy scores and both hospitalization and emergency
room visits for asthma. Adjustment for age, sex, income, and education did not change
this association. A related study identified the impact of low numeracy skills on asthmarelated quality of life. Income and self-efficacy were mediators of this relationship (A. J.
Apter et al., 2009). HIV infection also requires numeracy skills for adjusting medication.
Numeracy has been identified as a mediator of the relationship between gender and
management of HIV medication (Waldrop-Valverde, Osborn, et al., 2010), and between

33

race and medication self-management (Waldrop-Valverde, Jones, Gould, Kumar, &
Ownby, 2010; Waldrop-Valverde, Osborn, et al., 2010).

Individuals with heart failure must use numbers to monitor their daily weight and sodium
intake, and to titrate medications, as well as undertaking tasks related to comorbidities
such as diabetes, kidney disease and chronic lung disease. Among those presenting to
emergency departments with acute heart failure, a low score on a subjective selfevaluation of numeracy was associated with a greater likelihood of 30-day recidivism (C.
D. McNaughton, Collins, S.P., Kripalani, S., Rothman, R., Self, W.H., Jenkins, C.,
Miller, K., Arbogast, P., Dittus, R.S., Storrow, A.B., 2013), although health literacy was
not. Anticoagulation therapy also requires numeracy skills, with multiple dose changes
per day, requiring frequent changes in the strengths or numbers of tablets per day. In a
study of numeracy and anticoagulation control, people with lower numeracy had greater
variability in the blood levels that indicate good control. Variability is associated with
greater risk of bleeding or stroke. Those with low numeracy spent more time with levels
above their therapeutic range (Estrada, Martin-Hryniewicz, Peek, Collins, & Byrd, 2004).
Errors occurred when patients misunderstood the instructions, or could not perform
simple computations. Estrada noted that the self-reported highest level of schooling
completed was not a reliable measure of a patient’s abilities.

Numeracy and health outcomes in diet-related conditions.
Most research on numeracy and diet management has been studied among individuals
with diabetes. A study from the United Kingdom of adults with T1D evaluated the
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correlations between literacy and numeracy with HgbA1c (Marden et al., 2012). Literacy
was not associated with glycemic control but math skills had a significant association.
The connection between poor numeracy and poor diabetes outcome was not explained by
education and income, however. Although individuals with higher socioeconomic status
(SES) were more likely to have lower HbA1c, the relationship between numeracy and
glycemic control was independent of SES.

A U.S. study of adults with T1D or -2 used a general numeracy tool as well as the
Diabetes Numeracy Test (DNT), a validated instrument with diabetes-specific questions,
such as calculating an insulin dose (Cavanaugh et al., 2008). Lower general numeracy
was associated with significantly lower DNT scores, and low diabetes numeracy was
associated with higher HgbA1C levels. However, general numeracy was not associated
with glycemic control. After regression analysis controlling for age, race, income, and
other factors, the association between diabetes-related numeracy and glycemic control
was modest. The association between low DNT scores and poor control was stronger
among individuals with T1D than DM-2. Authors expected this observation, as diabetes
care in T1D is more complex. A test of significance was not possible due to the small
sample size of T1D.

In a related study, better diabetes-related numeracy predicted glycemic control such that
the association between African American race and diabetes outcome became nonsignificant (C. Y. Osborn, Cavanaugh, Wallston, White, & Rothman, 2009). Authors
concluded that diabetes numeracy was a mediator in the relationship between race and
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glycemic control. In both studies, the distinction between general and diabetes-related
numeracy is significant in the interpretation of the results. The diabetes skills test
measures comprehension and application of the diabetes education provided by the clinic.
Successful acquisition of those skills differs from the individual’s general numeracy
skills at the time of diagnosis, and may relate to other characteristics such as motivation,
attentiveness, and interest in learning.

Few studies evaluate the impact of adult numeracy on the care of children with diabetes.
One paper documented a significant positive relationship between mother’s literacy
(ability to correctly read a list of words) and the glycemic control of her child with T1D,
but the parent’s numeracy skills were not measured (Ross, Frier, Kelnar, & Deary, 2001).
In a study of parents and other caretakers of children with T1D, the lack of basic
numeracy skills, as measured by an applied numeracy test, had a detrimental effect on
glycemic control (Hassan & Heptulla, 2010). The children of parents with better scores
on a math test had significantly lower HbA1c levels. When controlling for confounders,
math skills were significantly related to income.

Beyond diabetes, little has been published on numeracy in managing diets. In 2003, the
Surgeon General cited health literacy, including numeracy, as one of the largest
contributors to overweight and obesity in the U.S. (Carmona, 2003). An association
between parental numeracy and childhood obesity has been discussed (M. M. Huizinga,
S. Pont, et al., 2008), but surprisingly little research documents this relationship. One
study found that literacy skills and BMI were not related, but adults with low numeracy
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skills (less than the ninth grade level) were significantly more likely to have a higher
BMI (M.M. Huizinga et al., 2008). The relationship remained consistent after adjusting
for age, sex, race, income, and years of education.

Numeracy in other conditions requiring diet changes that depend on mathematical skills,
such as chronic renal disease and uncontrolled seizure disorders, has not been studied.
The need exists, however, as poor compliance with special diets has been documented in
many chronic conditions including pediatric disorders (Mackner et al., 2001), and the
factors impacting adherence are not clear.

In PKU, adherence is difficult and many families are unable to maintain treatment
acceptably (MacDonald, 2000), (Fisch, 2000). Compliance with prescribed treatment is
usually assessed by comparing blood concentrations of phenylalanine to the goal range
(Cotugno et al., 2011; Freehauf et al., 2013). Reviews of PKU compliance document
adherence rates near 50% (MacDonald et al., 2010) (Cotugno et al., 2011). In a study of
the effect of parental factors on blood phenylalanine levels in children, poor parental
educational achievement influenced overall control, but the relationship was not
statistically significant (MacDonald et al., 2008). Others have cited the effect of family
cohesion, language or cultural barriers between families and health providers, and
difficulty in food preparation on poor compliance with dietary treatment of PKU
(MacDonald et al., 2010). In a study of behavioral factors, parental belief that the child
adhered to the diet, even if blood levels were sometimes high, was significantly related to
good metabolic control (Crone, 2005). Numeracy has not been evaluated as a factor in
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poor adherence to PKU treatment. Considering the findings in diabetes and the similarity
of treatment challenges, it is plausible that parental numeracy is a variable in outcomes of
children with PKU.

Application of numeracy components to special diets in general, and to PKU and
DM1 treatment in particular
What are the numeracy tasks that parents need in order to successfully manage
specialized diets? Using the numeracy framework in Figure 1, we reviewed the literature
on the use of numbers in complex pediatric diets such as PKU and T1D. The constructs
of the framework are discussed in turn below.

Context.
Mathematics is used in the management of pediatric diets in the large context of the
family, the particular contexts of parenting and managing child health needs, and very
specific contexts of mealtime, food preparation, menu planning, shopping decisions and
the like. Numeracy has been studied in several tasks utilized in managing special diets:
portion-size estimation (M. M. Huizinga et al., 2009), diet recalls or food frequency
questionnaires (Bowen et al., 2013), understanding of food labels (R. L. Rothman et al.,
2006) , and use food composition data presented in a table (Visschers & Siegrist, 2010).
In all contexts, low numeracy was associated with poor performance of the mathematicsrelated task. Numeracy in DM1 and PKU includes all of these contexts and others, such
as monitoring and recording of health data, and in DM1, medication management. To
study the relationship between numeracy and health outcomes in these disorders, we
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needed to identify the specific mathematics skills, the content component of numeracy,
required to complete each task.

Content.
The content of math knowledge used in special pediatric diets varies with the condition
and the management goals. Standards of care have been written for PKU (National PKU
Alliance, 2013), and for DMI (American Diabetes Association, 2013), and specific
mathematical skills are needed for individual tasks. Tables in Appendices B and C list the
tasks for PKU and T1D, respectively. The tables classify the mathematical knowledge
needed for each task into the categories Numbers and Skills, Measures, Shape, and
Space, and Handling Data (Excellence Gateway, 2013). The tables also indicate the
corresponding mathematical content standard of the Common Core State Standards listed
in Appendix A (Common Core State Standards Initiative, 2012). Most of the skills listed
are required in both disorders, although more of the activities for the PKU diet are related
to infant formulas due to usual age of diagnosis, and DMI requires distinct skills to
calculate medication dosages (M. M. Huizinga, T. A. Elasy, et al., 2008). Neither
disorder requires statistics or probability skills. In either disorder, mathematical
knowledge is necessary for diet management tasks.

Cognitive.
Diet management involves many of the subcomponents of the cognitive aspect of
numeracy: 1) conceptual understanding, to estimate and round food content data, 2)
adaptive reasoning, to think logically about adjusting for the portion of a serving that was
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not consumed, 3) strategic competence, to organize information from a table into a
mathematical form such as a column of numbers to be totaled, and 4) procedural fluency,
to perform the calculation using either mental math or a calculator. Other components of
the cognitive skill set, working memory, attention, and processing speed, are also needed
(Wolf et al., 2009). Functional numeracy is needed to decide when to use each
mathematics skill (Kerr, 2010). In diet management, these areas impact a parent’s ability
to solve problems such as substituting one food for another, to plan strategies to achieve
an intake goal, and to complete numerical tasks smoothly and efficiently.

Research supports the importance of cognitive skills, as mathematical competence alone
does not guarantee success in numeracy applications related to food. In the study of
health numeracy and interpretation of nutrition labels, for instance, many individuals with
higher education had difficulty with comprehension (R. L. Rothman et al., 2009). In the
study of portion-size estimation skills, participants of all educational levels had difficulty,
(M. M. Huizinga et al., 2009). Adults with diabetes have difficulty with functional
numeracy tasks such as food label interpretation and insulin adjustment based on blood
glucose readings (M. M. Huizinga, T. A. Elasy, et al., 2008). Thus cognitive numeracy
skills are key in successful outcomes in health conditions requiring special diets.

Affective components
Beliefs, attitudes, and emotions concerning the use of numbers are especially relevant to
the application of mathematics in diet-related activities. Since parents must fit numeracy
tasks into their daily lives, obstacles to undertaking such tasks are very significant,
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regardless of numeracy abilities. The literature on these affective components of
numeracy is explored below.

Beliefs: Self-Efficacy.
Research on beliefs in health literacy and numeracy has focused on self-efficacy. An
extensive review by Berkman et al concluded that self–efficacy is likely to be on the
causal pathway between health literacy (including numeracy) and health outcomes (N. D.
Berkman, Sheridan, S.L., Donahue, K.E., Halpern, D.J., Viera, A., Crotty, K.,
Holland,A., Brasure, M., Lohr, K.N., Harden, E., Tant, E., Wallace, I., Viswanathan, M.,
2011). Several studies provide evidence of the influence of self-efficacy on clinical
outcomes in chronic illness. Low self-efficacy predicts poor adherence to treatment for
HIV/AIDS (Barclay et al., 2007). The numerous studies indicating a positive association
between self-efficacy and diabetes outcome have been summarized (Mohebi, Azadbakht,
Feizi, Sharifirad, & Kargar, 2013). In a study that included dietary behavior, low selfefficacy was related to fewer self-management behaviors including diet (Sarkar, 2006).
An analysis of the pathway linking health literacy and numeracy to glycemic control
found self-efficacy to be a significant factor. Both health literacy and numeracy were
associated with greater diabetes self-efficacy, and self-efficacy predicted better glycemic
control. Further analysis showed numeracy was more closely related to self-efficacy than
health literacy (C. Y. Osborn, Cavanaugh, Wallston, & Rothman, 2010). A recent study
of 49 parents of children with T1D found a positive association between parental selfefficacy and children’s glycemic control (Marchante, 2013). These findings emphasize
that parents’ self-efficacy beliefs regarding numbers are important, and should not be
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overshadowed by the cognitive aspects of numeracy in the study of numeracy and diet
management.

Attitudes Towards Mathematics.
Attitudes towards mathematics have not been studied extensively in the health literature.
Wolf (2009) recognized a psychosocial skill set, in addition to a cognitive one, as
fundamental to functional health literacy and numeracy. Joram notes in a diabetes-related
article that even highly educated individuals may have an aversion to numbers (Joram et
al., 2012). In mathematics education research, attitudes towards math have been
examined for decades, as the strength and direction of feelings about mathematics
impacts motivation to engage in math activities (Fennema, 1976). Applying this insight
to parents of children with complex diets, attitudes towards mathematics may impact a
parent’s decision whether to engage in diet-related numeracy activities, and whether to
re-engage after a period of frustration.

Emotions: Math Anxiety
Math anxiety is a well-recognized emotion related to numbers, and Shapira is one of the
few authors to mention it as a factor that could interfere with processing of numeracy
problems in a health context (M. M. Schapira et al., 2008), (M. Schapira et al., 2011).
While math anxiety has rarely been studied in health-related activities, the possibility of it
clouding the assessment of numeracy in health applications has been acknowledged (R.
L. Rothman, Montori, V. M., Cherrington, A., Pignone, M.P., 2008). This study was
based on the premise that it may overshadow the real-life utilization of numeracy as well.
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Math anxiety could easily be an obstacle to engaging in numeracy activities for special
diets. The functional impact of math anxiety could interfere with accuracy of cognitive
tasks. For example, avoidance may result in skipping important steps in calculating an
insulin dose, “fudging” diet records, or neglecting to complete and submit the record to
the clinic.

In summary, the literature on the components of numeracy explains why numeracy
content should be studied as a factor that may impact health outcomes when parents are
expected to use math processes to manage special diets. The specific tasks described in
Appendices B and C make it clear that successful implementation of the diets for PKU
and DM1 depends on the use of numbers in several subcomponents of numeracy content.
The literature also exposes an aspect of numeracy– the affective component, including
beliefs, attitudes, and emotions - that has not been consistently acknowledged in health
numeracy literature, but is likely to be important when mathematical skills are needed for
management of health conditions. This study explored the impact of these numeracy
components on the pathway linking health behavior and outcomes.

A Model of the Pathway Between Numeracy and Health Outcomes
A theoretical framework of the relationships among factors impacting health behavior
and outcomes was the frame of reference for this study. One such model, applied to
persons of Mexican-American ethnicity, was developed based on a qualitative study
using focus groups (M. Schapira et al., 2011). Reflecting the themes gleaned from

43

interviews, the model showed affective and cognitive responses as two separate
components influencing the application of numeracy skills in ten different health
contexts, leading to health behaviors and outcomes. This model might apply to this and
other studies as it portrays both cognitive and affective responses as mediators of the
relationship between health numeracy and outcomes. However, besides being specific to
one ethnic group, the model has limited usefulness to other health numeracy applications
for two reasons. First, the model reflects a somewhat narrow concept of health
numeracy. Of the nine key numeracy questions asked in the focus groups, eight
concerned the use of numbers when communicating with a doctor, when evaluating
probability and risk, or numbers in interpretation of medical studies. Second, the affective
response themes were trust versus skepticism of numerical information, and reassurance
versus fear of the medical situations that numbers described. Thus the context of health
numeracy in this study, the day-to-day practical application of basic numeracy skills in
disease management, differs significantly from the model presented by Shapira et al; and
the related affective responses differ as well. Therefore, the Shapira model was unusable
for the application of numeracy in this study, in which cognitive numeracy may impact
the ability to complete a task correctly, and the affective component of numeracy may
determine whether an individual chooses to engage in numeracy activities at all.

A more appropriate theory to explore dietary adherence as a health behavior was the
Health Belief Model (Becker, 1974) which identifies factors that impact health decisions
in a broad sense. Constructs that predict the likelihood of a health-related action include
1) perceived threat of disease, 2) the balance between barriers and benefits, and 3) self-
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efficacy (Figure 2). Application of this model to dietary management of children with
PKU and T1D aids in understanding compliance with diet modifications. Figure 3
depicts the application of the Health Belief Model to complex diets for children. The
perceived threat of disease includes parents’ perception of the risk that poor control of the
disorder will result in unfavorable health outcomes. The ultimate result is the likelihood
of completing the tasks required for diet management. Lack of knowledge about how to
implement the diet is one example of a barrier, but others could be the inability to access
the required food, a lack of food preparation equipment, or the child’s food refusal.

In Figure 4, numeracy was added to the previous model to depict possible pathways of
influence, with separate pathways for its two components, cognitive and affective. The
effect of cognitive numeracy skills on outcome is via barriers imposed by inability to
perform mathematical tasks, and impaired procedural fluency needed to perform
calculations efficiently. Misunderstandings of diet instructions and diet planning may
occur due to poor cognitive skills. The affective component of numeracy may influence
parents’ beliefs about their abilities via self-efficacy, while anxiety and other emotions
may be a barrier to engaging in numerical tasks. An attitude of embarrassment over poor
math abilities could keep a parent from engaging in communication with the healthcare
team. The Health Belief Model provided a framework through which to explore the
existence and strength of these relationships in an organized research study.
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Figure 2. The Health Belief Model (Becker, 1974)
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Figure 3. Health Belief Model Applied to Complex Diets
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Measurement Tools
This study explored the pathways between numeracy and health outcomes. For each
factor studied along the pathway, several measurement tools were available. An overview
of tools used in health numeracy and related research reveals the best choices for this
project.

Instruments measuring cognitive numeracy.
Cognitive numeracy in adults is measured in many disciplines, and both basic and applied
tests are available. The most basic assessment of numeracy is a mathematics test. The
mathematics sections of the Scholastic Aptitude Test, the Graduate Record Exam, and the
computation section of the Test of Adult Education (CTB Research, 2013) assess basic
math skills. Outside of school placement, the Wechsler Individual Achievement Test
(WIAT) (Wechsler, 2005) and the Wide Range Achievement Test (WRAT) (Wilkinson,
2006) are norm-referenced performance measures of academic function, including
mathematics. The math computation section of the WRAT includes counting, identifying
numbers, and solving both oral and written math problems. Applied mathematics tests
assess the ability to combine basic skills and use them in problem solving. The non-profit
organization Comprehensive Adult Student Assessment System (CASAS, 2013) has
created tests that assess math skills within practical contexts, which are sometimes used
in adult education programs. For workplace skills assessment, math reasoning tools are
available from groups such The Career and Technical Education Consortium of States
(Virginia Department of Education, 2011).
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Cognitive numeracy in the health literacy literature.
The health literature uses both basic and applied cognitive numeracy assessment tools, as
described in Appendix D. Basic math tests such as versions of the WIAT and WRAT
have been used directly in health numeracy evaluation (C. Y. Osborn et al., 2009) and to
validate health numeracy assessment instruments (Parker, Baker, Williams, & Nurss,
1995; Marilyn M. Schapira et al., 2012). Applied numeracy tests are more common,
many of which are imbedded in health literacy instruments. An early health literacy
instrument, the Rapid Estimate of Adult Literacy in Medicine (REALM) (Davis et al.,
1993) tested word skills, but the Test of Functional Health Literacy in Adults (TOFHLA)
(Parker et al., 1995) added a numeracy component. Designed to measure skills needed to
understand situations encountered in the health environment, the TOFHLA begins with
fifty reading comprehension questions, followed by seventeen numerical ability items.
Test items are weighted such that literacy and numeracy figure equally in the final score.
An abbreviated version, the S-TOFHLA, consists of only four numeracy items and fewer
reading questions, to reduce average completion time from 22 to 12 minutes (D. W.
Baker et al., 1999). The numeracy questions for the S-TOFHLA were chosen based on
expected use in the health care setting: three concern understanding of time, and the
fourth requires interpretation of a blood glucose level. As with most applied numeracy
tests, the S-TOFHLA numeracy questions overlap with literacy skills, as reading is
required to understand the questions.

More recent tools also require the combined use of numeracy and literacy skills to assess
performance in functional settings. The Newest Vital Sign (NVS) requires locating
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information on a nutrition label, making calculations, and drawing conclusions from the
results (C. Y. Osborn, Weiss, B.D., Davis, T.C., Skrepkauskas, S., Rodrigue, C., Bass,
P.F., Wolf, M.S., 2011). NVS scores were highly correlated with S-TOFHLA scores.
Since it is quicker and easier to administer, the NVS has been recommended as a patient
screening tool for problems that may lead to poor dietary control in diabetes (Miser,
2013). The NVS has also been validated for use in the United Kingdom, with adjustment
for differences in U.K. nutrition labeling (Rowlands et al., 2013). Another option is the
25-item Health Literacy Skills Instrument (HLSI) which includes a quantitative
information section (McCormack, 2010). A shortened 10-item version has also been
validated (Bann, McCormack, Berkman, & Squiers, 2012). A third tool is applicable to
the current study as it assesses health literacy and numeracy of parents of young children
(age <13 months). The Parental Health Literacy Assessment Test consists of 20 questions
specific to care of this age group, including mixing infant formula, preparing over-thecounter medicines, understanding print material on breastfeeding, and interpreting
nutrition labels; and a shortened version (PHLAT-10) has also been validated (Kumar et
al., 2010). Although these tools include numeracy, they rely heavily on literacy skills,
which would have introduced confounding factors in this study of numeracy in health
outcomes.

Numeracy-only instruments.
In the health literature, a limited number of tools have been developed to measure only
numeracy. Schwartz and Woloshin developed such a tool to measure participants' general
understanding of probability and risk, and then compared it with their estimates of health
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risk. (L. M. Schwartz, Woloshin, Black, & Welch, 1997). Lipkus expanded this general
tool by adding in questions about health risk (Lipkus et al., 2001). Participants struggled
to complete either test, and the Subjective Numeracy Test (SNT) was developed to be a
more palatable instrument (Fagerlin et al., 2007) (Zikmund-Fisher, Smith, Ubel, &
Fagerlin, 2007). This tool is based on self-assessment, including perceived abilities to use
percentages, such as in purchasing decisions, and preference for display of numerical
information. The SNT has been criticized for the questionable validity of self-assessment
to measure objective numeracy (Nelson W.I., 2013). The Numeracy Understanding in
Medicine Instrument (NUMi) is another health numeracy tool that aims to assess a wide
range of numeracy skills, but the content of 75% of the questions concerns probability
and statistics (Marilyn M. Schapira et al., 2012). The Medical Data Interpretation Test is
entirely about medical statistics (L. M. Schwartz, Woloshin, S., Welch, H.G., 2005).
Most recently, Osborn et al developed the General Health Numeracy Test (GHNT) to
assess a wide variety of numeracy skills. In the shortened version of six questions, three
require risk perception calculations in percentages (C. Y. Osborn et al., 2013). Although
these tests are focused on numeracy and require fewer literacy tasks than previously
mentioned instruments, most of their content is irrelevant to the calculations required for
planning of complex diets.

To narrow in on numeracy skills relative to routine medical management, a diseasespecific tool has some advantages. The Asthma Numeracy Questionnaire, for instance,
was developed to assess a patient’s ability to understand and follow typical self-care
instructions related to dosing medication and interpreting peak flow meter readings (A. J.
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Apter, Cheng, J., Small, D., Bennett, I.M., Albert, X., Fein, D.G., George, M., Van
Horne, S. , 2006). The management of diabetes requires both dietary calculations and
determination of insulin dose and timing in response to blood glucose readings. The
complexity of these numeracy tasks has prompted interest in an instrument specific to
diabetes. A review of health literacy and numeracy tools for diabetes (Al Sayah,
Williams, & Johnson, 2013) provides a succinct overview of the options. The Diabetes
Numeracy Test (DNT) (M. M. Huizinga, T. A. Elasy, et al., 2008) was the first to be
developed, and remains prominent in the literature. The original DNT consists of 43
items covering diabetes care and numeracy skills. Development of the tool took into
consideration the wide range of numeracy skills present in adults with diabetes. A
shortened version, the DNT-15, has good internal reliability with the original test. The
DNT has been validated for use with adolescents (Mulvaney, Lilley, Cavanaugh, Pittel, &
Rothman, 2013), and adapted for parents of children with diabetes (Pulgaron et al., 2014).

Strengths of the DNT are its strong correlation with WRAT (Cavanaugh et al., 2008) and
measurement of applied skills for diabetes management tasks (C. Y. Osborn et al., 2009).
In this study, even though numeracy was a variable and half of the participants were
caretakers for a child with diabetes, the DNT, even the parental version, was not a usable
measure of numeracy for several reasons. The scale is specific to diabetes and not readily
adaptable to PKU. The DNT measures abilities of individuals who have been trained to
manage diabetes, while the purpose of this study was to evaluate whether numeracy skills
themselves are related to better health outcomes, and to the likelihood of staying engaged
in the disease management process. A more fundamental test of numeracy was needed.
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Cognitive instrument for this study.
Instruments for assessment of cognitive numeracy in the health literature frequently
include portions of health literacy tools, and a few health numeracy measures. Neither
provides an option appropriate for this study, as the former are tightly tied to literacy, and
the latter are focused on risk assessment or a specific disease. A context-neutral,
straightforward math test was most suitable for this research as 1) it could be applied
across more than one health condition, 2) it could assess basic numerical abilities instead
of the success of the patient education process, 3) it was appropriate for newly diagnosed
individuals, and 4) it was applicable to path analysis which compared the relative impact
of cognitive compared to affective pathways in health actions and outcomes. The
WRAT, which has been used in several health numeracy and literacy studies as well as
other areas of health literature, meets these criteria, making it the preferred tool for
assessment of cognitive numeracy in this study. Although it does not assess skills in
measurement, shapes, space or handling data, the WRAT measures nearly all of the
number skills for both disorders as described in Tables 2 and 3.

Instruments measuring affective numeracy.
Unlike the cognitive instruments, which have been adapted to health literacy inquiries,
affective numeracy assessment has stayed primarily within mathematics education,
although it is at the intersection of mathematics, psychology, and education (Chamberlin,
2010). Numerous tools to assess affect have been created by math educators over several
decades (McLeod, 1994). Appendix E provides an overview of several tools that have
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been singled out for their innovation, frequent use, and statistical testing (Chamberlin,
2010). Beyond education, math affect is relevant to any situation requiring numbers,
including health management activities and decisions. Mathematics educators have
created numerous tools to assess affect. This section will review math affect instruments
that could be adapted for use in a health-related study.

Due to the perception that anxiety is the most significant emotion related to mathematics,
anxiety is a prominent construct of nearly all scales measuring the affective component of
numeracy. The Math Anxiety Rating Scale (MARS) as introduced in 1972 was a 98-item
inventory (Richardson, 1972). The impact of anxiety on career choices in mathematics
and related fields was a strong impetus for development of the scale. Participants are
asked to rate on a five-point scale their expected level of anxiety when faced with
mathematics-related situations. In the original author’s 30-item revision of the MARS,
more than half of the questions apply to the classroom setting, such as taking or thinking
about mathematics tests, and the remainder refer to other situations requiring
calculations, such as figuring sales tax or a dinner bill (Suinn & Winston, 2003). Neither
the original MARS nor any of the shortened versions of it are suitable for a context
unrelated to mathematics education. However, the descriptions of ordinary life situations
could be considered similar to a parent’s experience of facing numerical tasks related to a
child’s medical needs. Yet an instrument that measures more than the anxiety aspect of
affect is more consistent with the concept of affective numeracy (Ginsburg, 2006) that
was utilized in this study.
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A broader view of numeracy affect underlies the Fennema-Sherman Mathematics
Attitude Scale (FSMAS), developed to gain insight on females’ learning of mathematics
and course selection (Fennema, 1976). Widely used and adapted over many years, the
instrument measures self-efficacy and motivation in addition to anxiety. While most of
the nine sub-scales address constructs concerning the classroom or gender issues in
mathematics, two subscales are relevant to this research: the Mathematics Anxiety Scale
and the Effectance Motivation Scale in Mathematics. Each contains twelve items, with
an equal number of positively and negatively worded questions, and a choice of five
responses from Strongly Agree to Strongly Disagree. Another strength of the FSMAS is
its use of bidirectional constructs. Among the emotional responses to math, reactions to
particular problems can be motivating forces in either direction: the positive experience
of solving a problem encourages further engagement, while the negative experience of
frustration can foster avoidance of similar situations in the future (McLeod, 1994). The
MAS includes both ends of the spectrum of affective responses to mathematics. It
includes positively worded items such as “I find math interesting,” which gives a broader
picture of affective numeracy (Bai, 2008). The affective numeracy instrument developed
for this study utilized questions from the two relevant subscales of the FSMAS, which
already included several questions that were applicable to this study. Of the questions that
applied only to the learning of mathematics, several were adapted to measure the use of
numeracy in life applications instead.
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Measures of self-efficacy.
Self-efficacy scales have been used in many areas of study to gauge confidence in ability
to perform a specific behavior (Pajares, 2009). The Perceived Self-Confidence Scale was
developed and standardized in the mid-1990’s to evaluate self-efficacy in a wide range of
domains (M. S. Smith, Wallston, & Smith, 1995). In a health application, it was adapted
to create the Perceived Medical-Condition Self-Management Scale (PMCSM), a template
that can also be used with any medical adult condition requiring self-management by
inserting the name of the condition into each item of the scale. No self-efficacy scales
have been created for PKU, but many diabetes-specific self-efficacy instruments have
been developed over several decades (van der Bilj, 1999) (Sarkar, 2006). The PMCSM
has been applied to diabetes to create the Perceived Diabetes Self-Management Scale
(PDSMS) (Wallston, Rothman, & Cherrington, 2007). It presents eight questions about
perceived competence at diabetes-related tasks that are rated on a five-item (Cavanaugh
et al., 2009; Green, Rothman, & Cavanaugh, 2012; C. Y. Osborn et al., 2010; White,
Osborn, Gebretsadik, Kripalani, & Rothman, 2011). A scale to measure diabetes-related
self-efficacy is also available for youth with T1D or type 2 diabetes (Cullen, Anderson,
McKay, & Watson, 2007).

Parenting a child with a health condition introduces different competencies and different
behavioral goals than adult self-management. Instruments to measure self-efficacy of
parents caring for children include tools for parenting of newborns (Bryanton, 2008) and
toddlers (Coleman, 2003). For children with diabetes, a scale developed for mothers of
children with diabetes ages 8 to 17 years (Leonard, Skay, & Rheinberger, 1998) has been
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used to study maternal environment and the child’s diabetes self-efficacy (Marvicsin,
2008). The Self-Efficacy for Diabetes Scale for adults (Grossman, Brink, & Hauser,
1987) was adapted for parental self-efficacy in a study of parent stress in childhood
diabetes (R. Streisand, Swift, Wickmark, Chen, & Holmes, 2005; R. Streisand, Swift, E.,
Wickmark, T., Chen, R., Holmes, C.S., 2005), and used to study effectiveness of an
online support program for parents of children with T1D (Merkel, 2012). Recently, the
Perceived Diabetes Self-Management Scale was adapted and validated for use with
parents of young children with T1D (Marchante, 2013). This scale, the Parental SelfEfficacy for Diabetes Management Scale, was administered to parents of children with
T1D to measure self-efficacy in this study. For parents of children with PKU, the scale
for diabetes was adapted by changing “diabetes” to “PKU” in each question. This
adaptation was justified by the generic wording of the items of the scale, and its origin in
a scale for any medical condition.

Measures of metabolic control and engagement.
In diabetes of all types, A1C is the standard indicator of metabolic control over the
previous 2-3 months. The most recent A1C result is typically the sole measure of control
(Hassan & Heptulla, 2010), (C. Y. Osborn et al., 2010), (Pulgaron et al., 2014). Daily
self-management of T1D includes measurement of blood glucose several times a day.
Most glucose meters record data on each blood glucose reading, and this data can be
accessed by clinicians. Frequency of blood monitoring reflects a parent's engagement in
prescribed diabetes care, as failure to obtain sufficient blood glucose levels potentially
results in ineffective treatment (Given, O'Kane, Bunting, & Coates, 2013).
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Metabolic control in PKU is evaluated by periodic blood phenylalanine levels. While a
few researchers have used the one most recent phe level to reflect control (Cotugno et al.,
2011), (Ievers-Landis, 2005), most studies assess levels over at least six months
(MacDonald et al., 2010), to as long as several years (Bekhof et al., 2003), (Walter,
2002), or lifetime (Waisbren et al., 2007). Freehauf and colleagues measured control by
comparing phe levels in the previous five years to target levels set by the clinic (Freehauf
et al., 2013). The median and the mean of the differences correlated well (Spearman
ρ=0.92, p<0.01). Others have measured the median percentage of blood concentrations
meeting the target range (MacDonald et al., 2010).

No single measure characterizes compliance with treatment (MacDonald et al., 2010),
and several authors consider the number of blood specimens submitted as a useful
indicator of adherence to clinic expectations (Walter, 2002), (MacDonald et al., 2010).
One study compared this measure to blood levels, and found no significant relationship
between the two measures, suggesting that blood levels and the number of specimens
submitted are unrelated (Freehauf et al., 2013). As outcome variables, blood levels
indicate metabolic control, while frequency of blood specimens reflects the submitter's
engagement in the process of monitoring the success of the treatment. In this study,
blood levels served as an indicator of adherence to diet, which was not measured per se.
Engagement was evaluated by frequency of submission of blood levels, which served as a
proxy for engagement in diet management.
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Conclusion
Health literacy and numeracy are important in health outcomes, and may act as social
determinants of health. Complex diets for children are difficult to manage, and many
families are unsuccessful at adhering to the diet instructions they have been given.
Numeracy is particularly fundamental to complex diet management yet research is
needed to clarify ways to enhance success for caretakers with limited skills in this
domain.

Numeracy includes not only cognitive skills, but also affective ones that may influence
the peripheral aspects of using numbers in diet-related tasks. This study examined the
relationship between numeracy and diet treatment success. Questions addressed included
the degree to which parent numeracy is related to achievement of treatment goals. Does
numeracy act as a direct barrier to diet management due to cognitive skill differences? Or
does numeracy foster indirect barriers to diet adherence via affective pathways, or selfefficacy? Are demographic and social characteristics significant factors on this pathway?

Two health conditions that require complex diets: type 1 diabetes, and phenylketonuria,
were the subject of this study of the relationship between parental numeracy and child
health outcomes. This research provides a deeper understanding of the numeracy-based
barriers to optimal health outcomes, and it may inform the education and guidance of
parents who manage their children’s complex diets. On a broader scale, understanding of
the factors that influence the pathway between numeracy and health outcomes may be
applicable to other health issues centered on diet, such as adult and pediatric obesity.
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CHAPTER III
METHODS

The literature provides a foundation of careful research as background for this study of
numeracy and self-efficacy in parents of children with type 1 diabetes (T1D) or
phenylketonuria (PKU). As this study filled in a gap in our understanding of the pathway
between numeracy, self-efficacy, and disease outcomes, it employed some of the research
methods, instruments and strategies utilized by other researchers studying literacy,
numeracy, and chronic disease, particularly diabetes. Some instruments required
adaptation to the subject at hand while retaining the fundamental properties of the
original tool.

This study analyzed the pathway between numeracy and health outcomes in T1D and
PKU, specifically the role of self-efficacy in this relationship. The null hypothesis was
that lower parental cognitive and affective numeracy have no effect on self-efficacy,
engagement in disease monitoring, or health outcomes.

Setting and Study Participants
This research utilized a cross-sectional design and a convenience sample of parents in
East Central States whose children receive medical services for T1D or PKU. Most
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children with these diagnoses are treated at specialty care outpatient clinics that serve
families from large geographical domains including urban, suburban, and rural areas.
Parents were invited to participate in the study by the professional staff at their clinic, by
the researcher, research assistant, or organizers of community events for families of
children with a particular disorder. A recruitment tool (Appendix F) was created to be
sent prior to the community event to families who were registered to attend, or to be
given by hand to parents at the event or at clinic appointments. Clinic personnel also
distributed the recruitment tools by hand or by email. Recruitment continued until 100
parents were enrolled, consisting of 50 parents of children with T1D and 50 parents of
children with PKU.

Participants in the study were caretakers who have primary responsibility for the dietary
and medical care of a child age one to twelve years who has a diagnosis of classic
phenylketonuria or type 1 diabetes. Certain test instruments were not available in foreign
languages; therefore participants had to be literate in English. Parents of children with
milder forms of PKU such as hyperphenylalanemia were excluded due to differences in
the level of dietary restriction required for treatment. Prior to scheduling the interview,
parents were asked if the child had this diagnosis, and it was confirmed with the clinic
staff. Parents of children with T1D were eligible for the study if they were literate in
English, and their child had been diagnosed with T1D for at least one year. Parents of
children with PKU were eligible if they were literate in English, and their child had not
been on the medication Kuvan during the previous six months, as it usually permits a
more liberal diet. Parents of children with either T1D or PKU were excluded if they were
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unable to schedule an interview at one of the locations offered (the child's clinic, at a
community event, or a designated location in the community).

Approval for the research was obtained from the Institutional Review Board at the
University of Louisville, and from the universities that sponsor clinic programs at which
data was collected. All research personnel successfully completed HIPAA and CITI
training.

Data and Procedures
Informed consent was obtained from all participants, using a format approved by the
Institutional Review Boards. Participants signed a waiver to allow their child's medical
clinic to release data to the researcher on blood levels measured in the past 6 months, as
well as the number of blood specimens the clinic had recommended during that time
period.

Data on clinical outcomes was collected from clinic records as follows:
PKU: The blood phenylalanine levels from all specimens submitted in the 6 months prior
to the interview were obtained from the child’s clinic. A minimum of two levels was
collected, even if that required a time span longer than 6 months. The median and
standard deviation of the differences between each blood level and the upper end of the
target range was calculated (Freehauf et al., 2013).
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T1D: Mean A1c levels for the 6 months prior to the interview were obtained from the
child’s clinic. Since A1C is an indicator of blood glucose levels over the previous two to
three months, two A1C levels were collected and the mean was calculated. Although
most research studies use a single A1C value to assess glycemic control (Hassan &
Heptulla, 2010), (C. Y. Osborn et al., 2010),(Pulgaron et al., 2014), a 6-month period was
evaluated to measure control over a longer period of time. In addition, the mean,
minimum, maximum, and standard deviation of blood glucose levels evaluated at home
in the previous 6 months were obtained using data downloaded from each patient's
glucometer.

To measure engagement, the frequency of blood sampling in the home (blood spots on
filter paper for children with PKU, and blood tests using a glucometer for children with
T1D) was compared to the number requested by the clinic (Walter, 2002), (Freehauf et
al., 2013) over the 6-month period. Engagement was calculated as the number of blood
levels taken as a percentage of the number recommended by the clinic. In the 6-month
period, "weekly was defined as 6 levels, "every other week" was defined as 12 levels,
and "every week" was defined as 25 levels.

Most participants recruited at clinics were interviewed in a quiet, confidential location in
the clinic area, such as a small meeting room. By necessity, some interviews occurred in
an examining room or a quiet corner of a waiting area. Participants recruited at
community events were interviewed in a quiet, confidential location at the event when
possible, or at a table during unscheduled portions of the conference. Some parents
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recruited at either setting chose to arrange an interview at another designated location in
the community, such a public library or in the home. The researcher administered all
testing instruments. Completion time was to be 30 to 40 minutes. Parents were
compensated for the time spent participating in the project. In the first three months of
data collection, parents received a lunch box kit for themselves or their child. During the
remaining months, a gift card for a discount department store was offered as an
alternative compensation.

Participants completed three instruments: 1) the mathematics computation section of the
Wide Range Achievement Test 4 (Wilkinson, 2006), 2) the Parental Self-Efficacy Scale
for Diabetes Management (Appendix G) (Marchante, 2013) or the Parental Self-Efficacy
Scale for PKU Management (Appendix H), and 3) the Daily-Life Mathematics Attitude
Test (Appendix I). They also completed a demographic form (Appendices J and K) with
questions about household income, parent's age, parent's last year of schooling, parent
race, child's age, and number of years parent has managed the child's dietary treatment.
Questions were worded similarly to the format of the General Social Survey (T. W.
Smith, Marsden, P., Hout, M., Kim, J., 2013). Verbal assistance with the form was
provided on request. For children with T1D, the clinic provided information on whether
insulin was administered by injection or by an insulin pump. The interview did not
include questions on parents' feelings about managing their children's diets or the use of
math, but several parents offered comments, which were noted.
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Measures
Numeracy – Cognitive Component
The Wide Range Achievement Test: Fourth Edition (WRAT4) (Wilkinson, 2006) is the
most recent edition of a validated instrument that quickly accesses basic academic skills.
The Math Competency section of the WRAT4, an oral and written test of mathematics
problems, was chosen for this study as it is context-neutral and measures basic numeracy
skills as opposed to the content of a specific patient education curriculum. Thus it applies
to either PKU or T1D, and measures most of the number skills required for management
of either disorder. Raw scores can be converted either to age-based or grade-based
standard scores. The content of the WRAT4 is protected by copyright, and the testing
materials are only sold to appropriately qualified trained professionals who will be using
or supervising the use of the instrument. The researcher was be trained to administer the
test and was supervised by an authorized and experienced clinical psychologist. The
researcher administered the test to all participants. As designated by the testing protocol,
participants were allowed 15 minutes to answer the questions.

Numeracy – Affective Component
An adapted version of the Fennema-Sherman Mathematics Attitude Scales (FSMAS)
(Fennema, 1976) was used to measure the affective component of numeracy. The
FSMAS, which has been widely used in assessing math attitudes of students across levels
of the mathematics curriculum, was especially appropriate for this study for two reasons.
First, it includes both positive and negative affective responses to mathematics to provide
a broad picture of affective numeracy (Bai, 2008). Secondly, of the nine scales that
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comprise the instrument, two are directly applicable to this study: Mathematics Anxiety
Scale and Effectance Motivation in Mathematics Scale. The adapted instrument, the
Daily-Life Mathematics Attitude Scale, was created by altering statements in the FSMAS
that applied only to the learning of mathematics to become statements that relate to
general math-related situations and problems outside the classroom environment. To
reinforce this context, the new instrument included images of every-day applications of
mathematics, such as the examples used in the Subjective Numeracy Scale (Fagerlin et
al., 2007). For example, the FSMAS item "I get a sinking feeling when I think of trying a
hard math problem" was changed slightly to " I get a sinking feeling when I think of
trying to figure out a hard situation using numbers." Items specific to the classroom, such
as "I usually have been at ease during math tests," were omitted. The Daily-Life
Mathematics Attitude Scale (DLMAS) includes 16 questions, half of which are reversescored (Appendix I). The labels for the Likert scale were changed slightly for the sake of
clarity and simplicity.

Validity and Reliability Testing: The construct and criterion validity considerations for
the original FSMAS were specific to math education and not applicable to the use of the
instrument in this study. However, the test has an established history of use over four
decades as a measure of math anxiety and affect. Content validity of the DLMAS was
evaluated in two steps. For qualitative assessment, the researcher administered the
instrument to 17 parents of children with PKU or T1D of any age, in a one-on-one
interview in settings similar to the actual data collection. After each question, the parents
were asked whether the item represented mathematics attitudes and/or anxiety, and why
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they chose a particular answer. A consensus of the responses informed changes to the
instrument. These parents were not included in data collection for the study.

Quantitative validity testing used a panel of jurors, composed of ten individuals including
present and former teachers of standard and remedial math courses at a community
college, math teachers in a high school diploma equivalency program, adult education
specialists, and developmental psychologists. The jurors received the instrument by email
or in person.
They were asked to rate each statement according to how strongly they felt it captured
attitudes toward mathematics and math anxiety, using a 5-point Likert scale from
"strongly agree" to "strongly disagree." Content validity ratio and statistical significance
were the basis for revisions to the instrument. Reliability testing was conducted
following data collection. Cronbach’s alpha was used to evaluate internal reliability of
the DLMAS.

Self-Efficacy of Disease Management
This study required a parental self-efficacy scale for parents of young children with
diabetes or PKU. The Parental Self-Efficacy Scale for Diabetes Management (PSESDM)
is an 8-item scale for measurement of self-efficacy in parents of children with diabetes
(Marchante, 2013). Responses are rated on a 5-point Likert scale, for 1="Strongly
Disagree" to 5="Strongly Agree." Four of the items are reverse scored, and total score
ranges from 8 to 40. Higher scores represent higher parental self-efficacy. The scale was
validated among parents of children ages 2 to 9 with T1D. Internal consistency using
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Cronbach’s alpha was adequate (α=.84). Criterion-related validity was assessed by
comparison with measurement of youth diabetes-related quality of life and with glycemic
control, based on previous studies linking youth self-efficacy to these factors (Grossman
et al., 1987) (Iannotti, 2005) (Grey, Boland, Yu, Sullivan-Bolyai, & Tamborlane, 1998),
and evidence linking parental self-efficacy to successful outcomes in young children
(Leonard et al., 1998), (R. Streisand et al., 2005). Based on these criteria, validity was
considered acceptable, as higher PSESDM results were associated with higher scores on
a measure of child quality of life (r=.41, p=.002) and with lower A1C levels (r=-.25,
p=.048) (Marchante, 2013). The authors granted permission to the researcher to
administer the instrument to parents of children with T1D in this study. The instrument
for parents of children with PKU was nearly identical, except for the use of "PKU" in
place of "diabetes" in each question. The PSESDM and the revised version for PKU, the
Parental Self-Efficacy Scale for PKU Management (PSESPM) are shown in Appendices
G and H, respectively. The internal reliability of the PSESPM was evaluated using
Cronbach's alpha, and compared to the internal reliability of the PSEDPM in this study.

Statistical Analysis
A causal model is a heuristic device to represent the relationships among variables
(Asher, 1976). Using structural equation modeling, the magnitude of the linkages
between variables can be estimated to provide information about the underlying causal
relationships. The strength of each relationship can differentiate whether variables are
potential determinants of effect, or irrelevant, or impinged upon by yet another variable.
The causal model for this study (Figure 5) includes many variables relevant to the
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relationship between numeracy and clinical outcomes in this population, as identified in
the literature. Figure 6 is a model of the relationships that were measured in this study.
This research project measured two dependent variables: health outcome based on
clinical lab results, and engagement based on frequency of engaging in clinical measures.
Higher values on lab results correspond with negative health outcomes. The independent
variables included one latent variable (numeracy) and six measured variables (WRAT4
scores, math attitudes, self-efficacy scores, income, last year of education completed, and
age of parent). A minimum sample size of 87 was required to run this model. Structural
equation modeling has been used by Osborn et al to evaluate the role of diabetes selfefficacy on the pathway between numeracy or literacy and glycemic control in adults (C.
Y. Osborn et al., 2010). Pathway analysis identified the greater strength of numeracy
over health literacy in predicting self-efficacy, and the significant relationship between
self-efficacy and glycemic control. This study also used structural equation modeling.
Like the Osborn study it included numeracy, self-efficacy, and clinical outcomes, but this
research also differentiated between cognitive and affective numeracy, it included both
laboratory data and a measure of engagement, and the population was parents of children
with T1D or PKU. Data was analyzed using IBM SPSS Statistics 22 and IBM® SPSS®
AMOS 22™.
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Figure 5. Causal Model - All Variables

72

Figure 6. Causal Model - Variables To Be Measured

CHAPTER IV
RESULTS
The purpose of this study was to examine the relationship between parental numeracy
and health outcomes of children on complex diets. Two conditions requiring complex
diets, type one diabetes (T1D) and phenylketonuria (PKU), were chosen for the research
as they have measurable indicators of metabolic control that depends on diet, and their
incidence is independent of health behaviors in the child or family.
The intent was to explore the specific roles of both cognitive and affective numeracy on
maintaining metabolic control, and engaging in the process of in-home monitoring, with
self-efficacy as a possible covariate. The Health Belief Model was the theoretical basis
for this exploration, as self-efficacy is a key construct, and numeracy is related to the
factors of barriers and likelihood of health behaviors that are key to health outcomes.

Peripheral factors of parental education, family income, parent and child age, and
duration of diet management were also measured as possible determinants of health that
are relevant to this process. Demographic data were collected to characterize the sample
and to evaluate whether the patient samples from the two disorders were comparable.
Unique to this study was the consideration of both cognitive and affective numeracy, the
measurement of engagement in health-monitoring tasks, and the use of structural
equation modeling to evaluate relationships among variables.
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Participants
Parents of children with the diagnosis T1D were recruited at a tertiary level pediatric
endocrinology clinic. Recruitment for parents of children with PKU took place at three
clinics specializing in genetics and metabolic disorders, and at seven community events
for families of children with PKU. Children in the latter families received specialty
medical care at clinics affiliated with eight additional hospitals or programs. Enrollment
occurred in a 5-state (KY, OH, IN, TN and IL) area of East-Central states.

Parents were approached about participating in the study using the IRB-approved
recruitment flyer, or a verbal invitation that included the same information. Clinicians
and support staff at clinics, leaders of community events, or the investigator conducted
recruitment. The most common reason stated for participating was to "help out," and the
most common reason stated for not participating was lack of time to complete the study
instruments. The recruitment flyer was purposefully vague about the questionnaires that
participants would complete, to assure that parents with poor numeracy skills or negative
affects about mathematics would not be reluctant to participate. Recruitment occurred
between June, 2014 and February, 2015.

Participant characteristics.
One hundred parents agreed to participate in the study and signed the IRB-approved
informed consent and HIPPA-compliant release form; 98 completed the study
instruments. Demographic characteristics of the participants are listed by diagnosis in
Table 2.
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Table 1. Characteristics of Study Participants by Child Diagnosis
Characteristic

Total sample
n=98

Affective Numeracy Score, M (SD)
(range 14-70)
Cognitive Numeracy Score, M (SD)
(Standard for age)
Self Efficacy Score, M (SD)
(range 8-40)

31.4 (13.7)

Engagement: % blood tests completed
Health Outcome:
Mean Blood level, M (SD)

28.9 (12.7)

96.7 (12.6)

32.7 (5.0)

32.4 (5.5)

33.0 (4.5)

73 (37)

66.9 (33.8)

78.5 (39.1)

A1c Equiv 7.8 (1.3)
5(2.9)

Sample Demographic Data
7.3 (3.1)
37.0 (8.3)

Phe 5.3 (2.8) A1c 8.3 (1.1)
6.1(3.3)

4.1(2.0)

5.9(3.2)
36.1(9.3)

8.7(2.4)
37.8(7.1)
48(96.0)
1 (2.0)
0 (0)
0 (0)

93(91.2)
1 (1.0)
2 (2.0)
1 (1.0)

45(93.8)
0 (0)
2 (4.2)
1 (2.0)

Residence Location, n (%)
Big city
Suburb, outskirts
Medium-sized city or town
Small town
Farm or country

11(10.8)
26 (25.5)
22 (21.6)
18(17.6)
20(19.6)

7(14.6)
16(33.3)
8(16.7)
8(16.7)
8(16.7)

Type of Health Insurance n (%)
Public
Private
None

39(38.2)
56(54.9)
3(2.9)

24(50.0)
21(43.8)
3(6.3)

Education, yrs M (SD)

33.8 (14.3)

94.0 (16.2)

Parent's Race, n (%)
White
Black
Latino/Hispanic
Native American

Income, median
Range

T1D
n=50

95.4 (14.5)

Length on diet, yrs M (SD)
Child's Age, yrs, M (SD)
Parent's Age, yrs, M (SD)

PKU
n=48

$67,500
$62,500
$2,500 to >$250,000
14.5(3.1)
75

14.3(3.6)

4 (8.0)
10 (20.0)
14(28.0)
10(20.0)
12(20.0)
15(30.0)
35(70.0)
0(0)
$75,000
14.8(2.5)

The characteristics of the children with each disorder, and their parents, were similar in
most respects, including parent age and education, and household size. As expected, the
race of both groups was predominantly but not entirely white. Due to the typical age at
diagnosis, children with PKU had been on a special diet for a longer time. The children
with T1D were somewhat older, more likely to have private insurance, and their families
had greater income. More children with PKU lived in large cities or suburbs, perhaps due
to data collection at PKU community events held in urban areas. At community events,
fewer than 5 parents of children with PKU were interested in participating but ineligible
because their child was on the medicine Kuvan. This situation was avoided by stating the
criteria for inclusion at the first time the study was mentioned to parents. In clinic
settings, staff only referred parents whose children had not been on Kuvan in the
preceding six months.

Preparation of Data for Analysis
Raw scores on the Wide-Ranging Achievement Test (WRAT-4) were converted to
standard scores for age using tables included in the instrument manual. Standard scores
on the WRAT are based on mean of 100 and a standard deviation of 15. Items on the test
are ordered from simplest to most complex. Some of the more difficult questions
assessed math skills that are beyond those needed for disease management. These more
difficult items included solving for variables, understanding basic statistical terms, and
multiplication or division using decimals, which could have been done easily with a hand
calculator. Thus a person with a high score is very proficient at math, but a person with a
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moderate score would also be skilled enough for disease management, especially if a
hand calculator were available.

In Daily Life Mathematics Attitude Scale (DLMAS) scoring, a high score represented
more anxiety or negative feelings concerning math. For clarity in describing the
relationship to other variables, DLMAS was converted to the variable Comfort by
subtracting the score from the total possible score of 70. Thus, a high score on Comfort
reflects a person with a positive affect toward mathematics and a low level of anxiety.

Unifying measures of PKU and T1D control.
To combine health outcome data for the two diagnoses into one variable, a process was
devised to convert phenylalanine levels to a scale that matched A1c values, even though
physiologically the two measures are unrelated. Using recently published management
guidelines for each disorder, key blood levels were identified that mark cut-offs between
desirable and harmful blood levels, beginning with the goal of phenylalanine ≤6.0 mg/dL
for PKU (Vockley et al., 2014)and the goal of A1c ≤ 7.5% in T1D (Chiang et al., 2014).

A very high level that represented extremely poor control for each condition was
identified based on research suggesting the point at which very high phenylalanine (phe)
levels cause significant drops in IQ scores (Waisbren et al., 2007) and very high blood
glucose levels cause serious microvasculature damage (Chiang et al., 2014). American
Diabetes Association reference on metabolic control for adults with diabetes was also
taken into consideration (American Diabetes Association, 2006). Comparable low levels
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for each disorder were based on expected values for persons without a disorder:
phenylalanine 0.1 - 0.5 mg/dL, and A1c 4.5 to 5.0%.

A linear regression equation was calculated based on these points. A physician specialist
for each disorder was asked to describe the values they used clinically to differentiate
fair, poor, and very poor control. These labels correlated well on the regression line. The
following equation was used to convert phe levels to an equivalent A1c value:
Unified T1D/PKU blood value = 0.4643 (Phe) + 4.7143.
A high blood value represents poor health outcome due to high blood levels of harmful
metabolites.

Unification of high blood levels.
Since any phe levels under 6.0 and any A1c levels under 7.5 is generally considered
acceptable, a variable was created to study whether any factor explained the difference
between cases with "good" levels and those that were poor or very poor. The variable
AboveGoal was calculated as A1c minus 7.5, and phe minus 6 adjusted to and A1c
equivalent. All negative values were changed to zero. This adjustment has been made by
other authors in interpreting blood level outcome data (Freehauf et al., 2013).

Validity determination.
Qualitative evaluation of the Daily-Life Mathematics Attitude Scale by 17 parents of
children with PKU or T1D identified two items that were difficult to answer as they
contained double negatives. These statements were reworded to avoid confusion. Based
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on parent comments, several questions were reworded to simplify them for better
understanding. The final version was worded so it contained an equal number of items
that were scored positively and negatively.

Several parents commented that they hated math, but some added that they were willing
to do it for their child's health. Others stated that they liked math and did well with it in
school. When asked what they were thinking about when completing the instrument, the
most common answers were helping a child with math homework, using math at work, or
balancing a checkbook. Only two persons mentioned the use of math in diet
management. All respondents replied positively when asked whether the questionnaire
represented math attitude and anxiety.

In quantitative validity testing, the content validity ratio for each question was based on
the proportion of jurors who agreed or strongly agreed that the statement captured
attitudes toward mathematics and math anxiety. To reach an acceptable content validity
index as described by Lawshe (Lawshe, 1975) and Wilson (Wilson, 2012), two questions
(numbers 9 and 13) were omitted from the scoring of the questionnaires (Appendix A)
after data collection.

Internal reliability of the mathematics affect instrument was very high (Cronbach's alpha
= .95). The self-efficacy scales for PKU and T1D combined also had acceptable internal
reliability (Cronbach's alpha =.828).
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Relationships Between Key Variables
Bivariate analysis was used to characterize relationships between key variables. Results
of analysis are given in Table 2.

Table 2. Bivariate Correlations

Blood

Above

Engage-

Math

Comfort

Self-

Educa-

Inco

Levels

Goal

ment

Score

with Math

Efficacy

tion

me

Above Goal

.748 ***

Engagement

-.103

-.227*

Math Score

-.160

-.322**

.146

Comfort
with Math

-.150

-.052

-.097

.533***

Self-

-.273**

-.269**

.169

.100

.103

Education

-.154

-.313**

.180

.566***

.225**

.019

Income

-.249**

-.345**

.163

.532***

.311**

.105

.548***

Diet Length

.146

.215*

-.116

.092

.189

-.368***

-.070

Efficacy

.099

Pearson correlation coefficients
Significance (2-tailed): *** indicates P<.001, ** indicates P<.05, * indicates P<.01

Blood levels were negatively related to income and self-efficacy (P<.001). When blood
levels above goal were the point of comparison, math score, engagement, and education
also reached significance. Cognitive math scores were significantly associated with
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comfort with math, as well as with education and income. Comfort with math was also
related to education and income. Education and income were highly related. The number
of years a child had been on the special diet was negatively related to self-efficacy
(P<.001).

Associations Between Peripheral Variables and Health Outcome Indicators
Demographic data on type of community and type of insurance was collected to
characterize the sample, and to provide additional perspective on relationships between
these factors and health outcome indicators. A chart of the associations of means is
provided in Appendix L. Type of community of residence was associated with
significant differences in blood levels in general as well as with blood levels above goal.
Residents of big cities had the lowest mean blood levels, while children from small towns
or farms had higher mean levels. Children with private and public insurance did not
differ significantly in their overall metabolic control, but when compared in terms of
levels above goal, children with public insurance were significantly more likely to have
higher blood levels.

Structural Equation Models
Beyond associations between pairs of variables, structural equation modeling (SEM)
tested the relationships among the collection variables based on the hypothesized
pathway depicted in Figure 6. The direction and magnitude of pathway weights describe
relationships between variables while accounting for effects of factors that precede them
in the model. A path weight greater than 1.0 indicates a high degree of collinearity in the
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relationship. Model fit assesses how well the model compares to the observed
covariances. It is evaluated via Chi-Square goodness of fit statistic, with a significant chisquare indicating lack of satisfactory model fit. Measures of acceptable fit between the
model and the data are indicated by chi square/degree of freedom ratio in the range of 2:1
to 3:1, normal fit index above 0.9, relative fit index between close to 1.0 and incremental
fit index greater than .90.

SEM also allowed for the inclusion of the latent (hidden) variable, numeracy. Factor
analysis was conducted on the two components of numeracy. The combination of both
cognitive and affective aspects (math scores and math comfort) accounts for 25% of the
variation in the variable "numeracy." Path weights indicated that cognitive numeracy
more strongly predicts general numeracy than does math comfort.

Model 1 is the causal model of the predicted pathway measured in this study, as
evaluated using IBM® SPSS® Amos 22™ (Figure 7). It includes six measured variables
(math score, math comfort, self-efficacy, income, parent age, and education), one latent
variable (numeracy), and two outcome variables (metabolic control and engagement). Of
these, the exogenous variables (of external origin) are income, education, and parent age,
while remaining variables are endogenous, as they are influenced by effects of other
variable, and in turn may have effects further along the pathway. This SEM tested
whether numeracy predicted blood levels or engagement via self-efficacy after
controlling for income, parent age, and education. Examination of path coefficients
indicated that neither of the two numeracy measures was associated with blood levels,
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Figure 7. Pathway Model 1

nor did they predict self-efficacy. Income and parent age did not impact numeracy, but
education was positively associated with numeracy (r=.75, P<.05). The two components
of numeracy were predictors of engagement in opposite directions: math score was a
positive predictor (r=.67, P<.05) and math comfort was negatively related (r=-.68,
P<.05).

In model fit analysis, a significant chi square (P<.000) indicated lack of a satisfactory
model. All other model fit statistics (chi square/degree of freedom ratio 4:1, normal fit
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index .627, relative fit index .105, and incremental fit index .692) concurred that the
model could be improved substantially by adding other covariates.

Model 2 tested whether income and education predicted blood levels or engagement
independent of numeracy, which they do not (Figure 8). The pathway coefficient between
education and engagement (r=1.53) greater than 1 indicates a strong influence of
collinearity. The addition of two more paths into this model may have stretched the
statistical power of the model, so relationships with P<.10 were considered significant
when the path weight was substantial, as in the path between math score and engagement.

Figure 8. Pathway Model 2
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In Model 3 the non-significant pathways leading to the dependent variables were omitted,
and a more direct pathway from numeracy to self-efficacy was tested. No relationship
was apparent, and other pathway coefficients were unaffected by the change (Figure 9).

Figure 9. Pathway Model 3
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To explore whether other measured variables might provide insight into self-efficacy, diet
length was added to create Model 4 (Figure 10). The length of time the child had been on
the special diet had a significant negative relationship with self-efficacy (r=-.62, P<.001).

Figure 10. Pathway Model 4

In summary, to what degree is parental numeracy related to achievement of treatment
goals? Pathway analysis did not reflect a relationship between either cognitive or
affective numeracy and health outcomes, as measured by the variables in this study.
Results did not support the hypothesis that low cognitive numeracy acts as a direct barrier
to diet management, or the prediction that self-efficacy would mediate the relationship
between numeracy and both engagement in disease management and health outcome.
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Affective numeracy was not associated with health outcome indicators; however factor
analysis indicated it accounts for 25% of the variation in the variable "numeracy" which
combines the cognitive and affective components. The null hypothesis that parental
cognitive and affective numeracy has no effect on self-efficacy or health outcomes cannot
be rejected. However, the same cannot be said for the relationship between numeracy and
engagement. In pathway analysis, math scores were positively related to engagement, and
math comfort was negatively related to engagement. In addition, the study revealed a
strong and significant negative relationship between length of time on the diet and selfefficacy.

Parent Comments
Although unsolicited, parents often made comments to the investigator on the topics
related to numeracy or to the challenges of managing PKU or T1D. Several parents stated
that they hadn't thought about numeracy before, but they could see how it would have an
impact on a parent's ability to manage the diet. One parent stated she worked with
numbers all the time, but found it confusing to work with the measurement system she
had been given at the clinic, which was in milligrams of phe per 100 grams of food.
Another family described this system as the best way to manage the PKU diet, as she had
committed to memory the factor to be applied when measuring particular foods, which
made counting the diet much easier. Some parents were adept at math themselves, but
worried about their children who struggled with math in school, wondering how they will
manage the diet when they are on their own. The mother of a girl with T1D commented
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that although her daughter's A1c levels were good, she was having a lot of fluctuations in
blood glucose levels with the onset of puberty.

Some parents made verbal comments during interviews while completing the test
instruments. While completing the self-efficacy instrument, one parent commented, "I
try, but it doesn't seem to help - I can't understand why her level stays so high!" Other
parents sited outside factors get in the way of good levels despite parent's efforts - such as
exercise, hormonal changes in older children; or limited access to special foods needed
for the diet (for PKU) due to expense or availability. While this study did not include a
qualitative component, many parents were eager to share their experiences with
managing PKU or T1D.
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CHAPTER V
CONCLUSION, DISCUSSION AND RECOMMENDATIONS

Conclusion
To further our understanding of pathways between determinants of health and outcomes,
this study examined numeracy as a mediator of health disparities. Numeracy was studied
using a comprehensive view from the adult learning literature that included cognitive and
functional aspects but also the affective aspects of engaging in the use of numbers
(Ginsburg, 2006). Nutrition, an essential component of health with an immense
numerical component, was the subject matter of this research.

The specific purpose of the study was to evaluate the relationship between parental
numeracy and health outcomes of their children who require complex diets. Parents of
children with PKU and T1D were the subjects of the research, as a math-intensive,
complex diet is a primary treatment in both conditions, and difficulty with diet
management is common (Cavanaugh et al., 2008; Hassan & Heptulla, 2010; MacDonald,
2000; Walter, 2002).

One hundred parents were recruited in clinic and community settings. Data collection
instruments included a validated test of cognitive numeracy, a scale of parental self-
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efficacy for diabetes which was also adapted for PKU, and a questionnaire on attitudes
toward math. The latter instrument was developed based on a similar instrument from the
field of math education. Validity and internal reliability testing were implemented during
the research project. Completed questionnaires and children's blood levels were obtained
for 98 participants. The hypothesis was that children of parents with lower cognitive and
affective numeracy would have poorer metabolic control, (higher blood levels) and that
self-efficacy would mediate this relationship as well as numeracy and engagement in diet
management. Structural equation modeling was used to analyze the data.

The sample was evenly divided between parents of children with T1D and those with
PKU. Mean parents age was 37 years, and mean child age was 7.3 years for the entire
sample. Children had been on a special diet for a mean of 5 years. Race was
predominantly white. In parents' description of their community of residence, suburbs or
outskirts were most common, big city was least common, and other responses were about
equally divided among medium-sized city or town, small town, and farm or country.
Mean years of education were 14.5 years, and median yearly income was $67,5000.
Private insurance (55% of children) was more common than public (38%).

In the sample as a whole, mean score on the measure of cognitive math skill was the 95th
percentile for age. Mean affective math score was 31 (range of possible scores 14 - 70),
and mean self-efficacy score was 33 (possible range 8 to 40). Of blood level
measurements requested by the child's clinic, a mean of 73% were completed. The
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average blood phenylalanine level of children with PKU was 5.3, and mean A1c level of
children with T1D was 8.3.

Children with higher blood levels indicating poor control were those whose parents had
lower income and lower self-efficacy. Highest blood levels were predicted by low
cognitive math score or less education. Parents with less education and income were less
comfortable with math, and parental self-efficacy was lower when children had been on
the diet for a longer time. Higher blood levels were more likely when children resided in
rural settings or had public insurance.

In pathway analysis, education was the overriding variable that determined relationships
among other variables. When education was accounted for, numeracy was not related to
blood levels as hypothesized, and self-efficacy did not impact this relationship. Based on
this model, affective and cognitive numeracy had opposite effects on engagement, and
parental self-efficacy was less when children had been on the diet longer. However, the
data did not support the proposed model. Thus the model would need to be retested with
changes in the variables or predicted pathways to attempt to describe the relationship
between these factors and health outcomes.

Discussion
Numeracy is an important consideration in parents' management of PKU and T1D. Low
cognitive math skills correlate with high levels of harmful metabolites. In pathway
analysis, however, results did not identify numeracy as a significant factor in health
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outcomes, but the pathways did provide insight into other factors that impact health
outcomes in children on complex diets.

Bivariate correlation confirmed many of the relationships that are consistent with known
determinants of health (WHO Commission on Social Determinants of Health, 2013).
Education is highly correlated with income and cognitive math scores. In addition,
children of parents who have less income and lower self-efficacy are significantly more
likely to have higher mean blood levels of potentially harmful metabolites. Parents with
less education and lower cognitive math scores are those with children whose mean blood
levels indicate poor metabolic control. Their self-efficacy is lower, and they are
significantly less likely to engage in blood monitoring. Parents who are more comfortable
with math are those with greater income, education, and cognitive math skills, but blood
levels are unaffected.

However, these correlations do not fully explain or describe the network of relationships
that are present in the situational and health environment of child on a complex diet.
Structural equation models identify the salient factors in this situation and the pathways
by which they influence health outcomes. These factors are examined below.

Education.
Of the exogenous variables, education has the greatest impact on numeracy. Thus
although income is correlated with both aspects of numeracy, it is via education that this
relationship occurs. Parent age is not related to the combined factor numeracy once
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education is accounted for. Education also predominates in the relationship between
numeracy and metabolic control. In other words, when education is accounted for,
numeracy is not significantly related to health outcome.

The SEM was surprising in that none of the factors seemed to impact blood levels, even
when the data were adjusted to target levels above goal. The model does not negate the
relationship between blood levels and income or numeracy, but it explains that these
relationships are dependent upon education. Years of schooling appear to be a salient
factor impacting health outcome via other variables in the model.

Numeracy.
Numeracy includes both cognitive and affective components, and factor analysis
confirmed that numeracy is not fully described without including both aspects. Research
on health-related numeracy has been limited to the cognitive component, but the affective
aspect of this characteristic is an active part of an individual's use of numbers. The very
high correlation between standardized math test scores and comfort with math was
predictable. But factor analysis revealed that the two components are not the same; they
overlap considerably to create the variable Numeracy.

In contrast to findings of correlation between lower cognitive numeracy and high blood
levels, in path analysis the relationship between numeracy and blood levels was not
apparent. It is unclear whether the inclusion of affective numeracy in this relationship
changed the pathway weights, but more likely the relationship was not evident after
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education was accounted for. Results may have been different if the cognitive math skills
measured on the math test only included skills needed to manage diet and insulin. A
discussion of the use of the WRAT-4 for cognitive skill assessment in this study is
addressed in Chapter 2 along with review of all instruments administered.

In the present evaluation, numeracy was affected by education but not income. The effect
of numeracy was not via self-efficacy as predicted in the hypothesis. This may be due to
limitations on the measure of self-efficacy, which were revealed in pathway analysis and
are addressed in a subsequent section.

While cognitive and affective numeracy are overlapping aspects of the variable
numeracy, they have separate influences in the case of engagement. In fact they have
directly opposite effects, though with nearly identical strengths in the relationships.
Thus, once math skill is accounted for, more discomfort or anxiety related to math is
associated with greater engagement. Conversely, when the affective component of math
has been taken into consideration, parents with greater skill at math are less engaged. A
review of the meaning of engagement in this model will help make sense of these
findings.

Engagement.
Health behavior was measured in this study via engagement in measuring blood levels as
recommended by the child's clinic. The true health behavior of interest however was
adherence to a specific diet required for optimal health outcome. Based on the literature,
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(Bekhof et al., 2003) (Freehauf, Van Hove, Gao, Bernstein, & Thomas, 2013) and the
assumption that parents who were less engaged in obtaining blood levels would also be
less involved in diet management, engagement in home monitoring of blood levels was
used as a proxy for engagement in diet management. The SEM model used both the
results of blood levels and the frequency of blood testing as outcome variables. As a
result, the study did not truly measure other aspects of engagement in the management of
T1D and PKU, such as diet planning, food preparation, label-reading, parenting to
enforce diet compliance, dietary intake, calculation or administration of insulin. By
substituting engagement in blood monitoring, the causal link to numeracy and to some
extent self-efficacy was more obscure, which is a weakness of this study.

Nonetheless, frequency of blood monitoring provided a window into whether parents are
tracking this indicator of health outcome, and what factors are related to this behavior.
Parents may decide to obtain blood levels for two main reasons: 1) to determine health
status and alter treatment plan if needed, or 2) to be conscientious about following
through on the clinic's instructions. Differing perspectives on these issues may explain
differences between the numeracy variables and engagement.

Parents with a more negative affect concerning math monitored blood levels more
frequently than those who described themselves as being more comfortable using
numbers. Recognizing their difficulty with math, perhaps they were more unsure about
the accuracy of their calculations related to diet or insulin, so chose to check levels more
often. Personality or temperament may explain this relationship, as parents who worry
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about math may be more anxious in general. For example, some parents in the study
checked blood level more often than recommended by the clinic (as high as 200% of
recommendations). On the other hand, parents who are more relaxed about math may
feel they have disease management in good control, and need less feedback from blood
levels.

Parents with higher math scores were significantly more engaged in measuring blood
levels. Education again explains this relationship. When education was added to the
structural equation model (SEM 2), the strength of the relationship between math score
and engagement dropped from R=.67 to R=.48 and significance also fell. The pathway
weight between education and engagement of 1.53 indicates a high degree of collinearity
in this relationship. Parents with more education may do more testing because they
understand the disorder better and want to keep track of the child's progress. They
understand the process of obtaining levels more clearly, or education may provide them
with some other skill or characteristic that prompts them to check blood levels more
often.

Self-Efficacy.
Self-efficacy is a popular variable in studies of behavior in health outcomes (Coleman,
2003; Grus et al., 2001; Mohebi, Azadbakht, Feizi, Sharifirad, & Kargar, 2013), and a
key construct in the Health Belief Model(Becker, 1974). The lack of a relationship
between either component of numeracy and self-efficacy was surprising, and did not
support the hypothesis of this study. In medical conditions highly dependent on
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mathematical calculations for successful treatment, ability and confidence related to math
would seem to be directly connected to belief in one's ability to manage the treatment.
The first clue to understanding this finding was the comments parents made during
interviews. When comments were made while completing the self-efficacy scales, they
usually reflected the parent's frustration with managing the child's condition.
This prompted a closer look at the self-efficacy scale.

Bandura distinguishes between self-efficacy and locus of control, which is concerned
with beliefs about forces out of one's control (Bandura, 2006). An individual may believe
they have a sense of efficacy in her/his own actions, but believe outcomes are determined
by outside forces. A closer look at the items on the self-efficacy instrument (Appendices
B and C) indicates that half of the questions refer to locus of control more than selfefficacy. For instance, "I take care of my child well when it comes to his/her PKU (or
diabetes)" would measure self-efficacy, while other items refer to experiences with
outcomes, such as "No matter how hard I try, taking care of my child's PKU (diabetes)
doesn't turn out the way I like." Parents who have been unable to keep their child's blood
levels in good control despite their best efforts may score low on the self-efficacy scale as
a result.

Diet length.
A second clue to understanding self-efficacy scores came when length of diet was added
to the SEM model. The number of years on the diet had a significant negative impact on
self-efficacy score on the SEM (r=-.62, P=.000). While experienced parents might be
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expected to have greater self-efficacy about disease management, their beliefs in their
abilities were lower than parents who had been managing the diet for shorter time. Thus it
appears that self-efficacy feelings may change at different stages of disease management,
and different child ages. Blood levels commonly worsen as children get older, even
before adolescence (Chiang, Kirkman, Laffel, & Peters, 2014; Vockley et al., 2014).
This trend can be attributed to physical factors such as hormonal changes, and behavioral
changes as children become more independent and spend more time away from home.
As outside factors arise that negatively impact metabolic control, parent's confidence in
their ability to care for their child may dwindle. This is consistent with the observation
that the self-efficacy scale also measures locus of control.

Findings related to theory.
The Health Belief Model (Figure 2) served as the theoretical model for this research, and
the study findings are in keeping with the theoretical prediction that greater self-efficacy
enhances the likelihood of action. In this study, this relationship was unveiled using SEM
to control for the influence of education in this relationship. SEM findings acknowledge
collinearity with other variables that influence this pathway.

For this study, the Health Belief Model (HBM) was amended to include a relationship
between health action and health outcome (Figure 3), under the presumption that
likelihood of action (engagement) results in better health. In most public health
applications this is true: a health behavior such as getting a mammogram or giving up
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cigarettes improves the likelihood of better health. As discussed above, using frequency
of blood levels as a proxy for diet adherence altered the meaning of the relationship
between action and outcome; however, the addition of health outcome to the HBM was
helpful in examining pathways leading to key health indicators.

Another addition to the Health Belief Model for this study was incorporating numeracy,
with cognitive and affective numeracy as separate influences (Figure 3). This model
correctly predicted the relationship between cognitive numeracy and likelihood of action,
although the construct Benefits minus Barriers was not assessed. This relationship is only
relevant if home monitoring is a valid proxy for diet management. A pathway from
affective numeracy to self-efficacy was not supported by the outcome of this study. As
described previously, an unexpected inverse relationship was apparent in this study
between affective numeracy and likelihood of action. This outcome should be reexamined with dietary adherence action in place of participation in home blood
monitoring as the action variable. Aside from this change in variables, the HBM along
with additions unique to this study provided a valid framework for this analysis. The
findings of this study however did not agree with the HBM, which theorizes that greater
self-efficacy increases engagement in health behaviors.

Findings in light of related research.
Results of this study support related research and commentaries that acknowledge that the
relationship between social characteristics, skills, beliefs, behaviors, and health is
complex and not fully understood. As described elsewhere (Berkman, Sheridan,
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Donahue, Halpern, & Crotty, 2011), this study showed that many factors interact with
numeracy to determine health outcomes in chronic health conditions.

Numeracy skills assessed in this sample were better than expected based on publications
that state low numeracy is widespread in the U.S. (Goodman, 2013), but may be
explained by the relatively high median household income of participants. The findings
of this research were not as clear in measuring a relationship between numeracy and
health outcomes as studies on other medical conditions. The strong association described
by Apter et al may be due to the use of an asthma-specific instrument to measure
numeracy (A. J. Apter, Cheng, J., Small, D., Bennett, I.M., Albert, X., Fein, D.G.,
George, M., Van Horne, S. , 2006), far different than the broader and more complex
math skills measured by the WRAT-4.

Similar to this study, research by Pulgaron et al examined parental numeracy and
glycemic control in children with T1D (Pulgaron et al., 2014). Similar to findings of this
study, parental self-efficacy was not a mediator between numeracy and metabolic control,
yet each of these factors independently was related to poor health outcome. This
difference may be explained by the use of a diabetes-related numeracy measure versus
the WRAT-4, and a somewhat younger age group (mean 6.8 years, range 3 to 9) which
did not include children who had been on the diet as long as our sample. In addition, the
differences between PKU and T1D may also be at play.

100

The findings of this study challenge the view that health literacy is a stronger predictor of
health than age, race, income employment, or education (Al Sayah, Majumdar, Williams,
Robertson, & Johnson, 2013). Findings also are in contrast with those of Marden et al
who found that education explain the connection between numeracy and poor diabetes
outcome (Marden et al., 2012). In this study of numeracy, education was the overriding
factor in this network of relationships, and explained other pathways including health
outcomes.

Health disparities and determinants of health.
What do the results of this study say about health disparities among children? In addition
to the impact of education on health parameters depicted by the SEM, disparities in other
determinants of health, peripheral to the model, were also related to health outcome. The
type of community in which the child resided, as reported by the parent, was associated
with a significant difference in mean blood levels indicative of metabolic control.
Residents of large cities had the best blood levels, and those living in small towns, in the
country, or on farms had poorest control. Further analysis would be useful to see whether
education accounts for this difference in health outcome. Type of insurance was
associated with health disparities when health outcome was evaluated in terms of levels
above clinic goals. Children with public insurance were significantly more likely to have
high blood levels. Further analysis may indicate whether this is a consequence of income
or education. Data on children with no insurance was inconclusive due to small number
of participants (n=3). Likewise no conclusions can be drawn on race, as the sample was
predominantly (95%) white, as expected in view of the relatively lower incidence of PKU
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(Vockley et al., 2014)and T1D (International Diabetes Federation, 2007)among nonwhites. Household size and the number of adults in the home had no effect on health
outcomes. In summary, while PKU and T1D seem to be specialized health conditions,
children with these conditions are at risk for less desirable health outcomes due to the
same characteristics that negatively impact health in the general population.

The research process.
Assumptions.
The pairing of PKU and TID in this study of numeracy did not cause inconsistencies in
analysis or results. Minor differences were observed in demographic characteristics. If
there were differences in data due to the fact all T1D patients were interviewed in one
clinic while the PKU patients were served by 8 clinics over 5 states, it was not apparent.
The study assumed that differences in medical providers would not impact results. While
clinics varied in their expectations on frequency of blood levels, each clinic's standard
was used as a basis for comparison in each participant. The one assumption that
impacted the findings of the study was the aforementioned use of engagement in taking
blood levels as a proxy for managing the diet in accordance with clinic recommendations.
Another more subtle assumption was that excellent diet management by parents would
result in excellent blood levels in their children, when in fact many other biological and
environmental factors may come into play.

Recruitment.
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While participants covered a wide range of income levels, families with lower income
were likely underrepresented in the sample. For various reasons they are less likely to
come to clinic appointments, and many obstacles keep them from participating at
community events such as those at which parents of families with PKU were recruited.

Instruments and measurement tools.
Cognitive numeracy test
The WRAT-4 was chosen as it provided one of the few math tests standardized for adults
of all ages. However, many of the items on the test are quite complex compared to the
level of math skills needed for management of T1D or PKU. Complex math skills are not
needed for managing either PKU or T1D, in fact, the tasks required are covered in
Common Core curriculum at grade level 5 or 6. To separate the effect of education in
general from numeracy skills related to disease management, further research could be
conducted using a shorter math test that included only the math skills required for
success. This would also address the culturally biased nature of the WRAT-4, as some
parents schooled in non-traditional educational systems, such Old-Order Amish, are not
exposed to the use of variables in equations even at the highest level of math education,
at Grade 8.

Affective numeracy instrument.
This instrument demonstrated excellent internal reliability, and could be improved further
by eliminating 2 or more items. A shortened version would eliminate questions on the
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participant's opinion of other people's preferences for using math, and those that alluded
to math puzzles or games.

Self-efficacy scales.
The weakness of this scale has been discussed. In further research, the purpose of the
instrument should be explored in comparison to the content of the questionnaire. The
self-efficacy scale may be more appropriate for parents of younger children. Internal
reliability of the instrument might be improved from acceptable to excellent with a more
consistent theme among the test items.

Blood levels.
The validity of blood level data for children with the diagnosis of T1D was not
questioned, as A1c levels came from one lab and home blood glucose levels provided
extensive data from reliable devices. Phenylalanine levels may have been less valid, as
data was not available on whether a child was ill at the time levels were taken. Parents
are instructed to take a fasting level, either in the morning before eating, or 3 to 4 hours
after a meal, but there may be variability in clinic guidelines, and compliance with the
guidelines is not documented.

Analysis methods.
Structural equation modeling provided insights beyond correlation or linear regression.
Further analysis of the data using a different model configuration may present additional
findings. Additional variables might be considered, such as access to special low protein
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foods in the case of PKU, as it varies state-by-state. Addition of variables would require
omission of other factors in analysis due to limitations of the model, depending on
sample size. A revised analysis of the data should configure the model to eliminate selfefficacy or treat it as more peripheral factor.

Recommendations
How do the findings of this study add to our understanding of the pathway between
numeracy and health outcomes? Does it inform clinical practice strategies that will
enhance the success of all parents, especially those with the determinants of health that
predict less desirable outcomes? Can our new understanding of numeracy and health
acquired through the study of complex diets be applied to other settings where health and
numeracy intersect? Lastly we will consider both direct implications of this research for
PKU, T1D, and similar diet-dependent conditions, and consider whether this study can be
applied to numeracy and health outcomes in other settings.

Disease Management Recommendations.
Numeracy skills are needed for complex diets, even if they account for a very small
portion of the factors that determine health outcomes. In the clinical setting, patient or
caretaker deficits in numeracy skills are not necessarily apparent, and may not be
explored or recognized. Assessment of numeracy skills can guide patient education and
training. The argument that patients and/or providers would be uncomfortable with
evaluation of skills has not been supported in the literature. (White, Wolff, Cavanaugh, &
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Rothman, 2010). In addition, math attitudes are a real part of numeracy and should be
acknowledged when teaching parents.

Strategies have been explored to address the reality that limited math skills are not
uncommon. Apter has recommended strategies to improve communication of numerical
information (A. Apter et al., 2008). An extensive on-line toolkit for diabetes literacy and
numeracy education, directed at providers and educators is available online at no cost
(White et al., 2010). With this program as a reference, similar resources could be
developed for parents of children with PKU, T1D, or other medical conditions requiring
complex calculations. Tools may be needed to assess numeracy easily in a clinic setting,
so teaching can be adapted to the parent's skills and comfort with math. To avoid the
stress of a paper and pencil math test, an assessment tool resembling a video game could
be created for use on hand-held electronic devices.

For those who are less skilled or more anxious about math, are there ways to get around
math calculations? In diabetes, insulin pumps are reducing the number of parents who
must manually calculate insulin doses, and apps are helping with carbohydrate counting.
Similar technology is becoming more available for the PKU community, however it does
not completely circumvent the use of numbers. Some level of understanding of math is
needed to use such tools effectively, both to understand concepts and to implement the
diet via purchasing, preparing, and measuring food. In PKU, an alternative is a simplified
system for following the diet, in which only a few foods are measured or counted, but
many very low protein fruits, vegetables, and modified grain products can be eaten freely.
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This approach has been used successfully in the United Kingdom, but less so in the
United States.

This study raises concerns about the trend of higher blood levels in late childhood and the
implications for health outcomes. While often accepted as inevitable as children become
more independent, spend more time away from parents, and assume some responsibilities
for self-care, other factors may be at work, which research may identify. Meanwhile,
anticipatory guidance for parents as their children reach this age may help them retain a
sense of self-efficacy during this stage.

Knowing that numeracy is a nearly unavoidable aspect of food and nutrition, and
recognizing the role of nutrition in health, public school curriculum could be developed
that combines math and health issues including nutrition. Cross-curriculum content on
food as related to numbers may be a way to help not only families with medical
conditions such as PKU and T1D, but also others who seek to improve their diets. Foodrelated skills were eliminated from middle and high schools when computer courses
replaced home economics in the 1990's, so today's parents may not have learned these
skills at school. They may not have learned at home due to cultural trends that favor
eating away from home. Application of curriculum on fractions, percentages, and
measurement to food would build numeracy skills in this context. The current interest in
food and cooking may drive this change. Students would be more adept at baseline foodrelated numeracy tasks, and have a foundation when the need for more complex food
calculation arises.
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Improving the research.
A weakness in this study was the lack of data about parents' application of numeracy.
Additional research on this topic is recommended to include analysis of dietary intake.
These data can be time-consuming to obtain, but in some cases it is already collected by
the clinic. Research would also be improved by using a simpler instrument to evaluate
cognitive math skills. This would enable a better assessment of the degree to which the
use of numbers is an obstacle in diet management. While disease-specific tests are often
used in health numeracy research, this approach measures whether people who have
developed the skills to manage the disease do in fact implement that knowledge. The
broader question is whether parents with weaker math skills from the beginning are at
higher risk of being unable to keep the child's condition in good control. Then
interventions and teaching strategies can be designed that target those with fewer skills to
enhance their likelihood of success.

A revision of the self-efficacy survey used in this study is also recommended. Questions
could be separated into those that assess one's ability to manage the disorder from those
that reflect concern over whether outside factors will undermine even the best parent
management. Each of these sets of parental attitudes deserves study. To continue to
research the significance of this concept on health outcome pathways, new scales are
needed that are applicable to parents of children at different ages.

Practically speaking, recruitment would have been smoother and more inclusive if a gift
card had been offered instead of a lunch kit gift from the beginning of the study. The
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lunch kit did not seem to adequately compensate families for their time following a busy
clinic visit, limiting the participating parents to those who appreciated the importance of
research, typically those with more education. Likewise, to obtain a socioeconomically
diverse sample, the research process should anticipate obstacles that may prevent families
with fewer resources from participating, such as the cost of parking or assistance with
care of other children present at the time of data collection.

Recommendations for further research.
This study of numeracy in complex diets has provided useful insights on relationships
among factors that impact health outcomes. It adds to the literature on numeracy and diet
management of all diets that require math, but particularly of PKU, for which the topic
has not been explored. It raises new questions about the older school-age or
preadolescent child on a chronic and complex diet. Research is needed to evaluate
whether interventions during this period can prevent the trend of worsening control.

If the study population were widened beyond PKU and T1D to other diet and nutrition
issues, it could include a more diverse array of race and income levels and assess the
impact of those variables on health outcome. In view of the findings that numeracy
explained differences in medication management of HIV that had previously been
attributed to race or gender (Waldrop-Valverde et al., 2010), other situations may exist in
which numeracy is an unrecognized factor on causal pathways. Additional research on
numeracy as a determinant of health may reveal these relationships.
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A unique contribution of this study to the literature is its recognition of the affective
component of numeracy. Further research could reveal more about how the relationship
between these two aspects of numeracy impact the use of numbers in other health-related
applications. This has particular application to the study of numeracy in health risk
assessment when emotions are already a known factor.

While developments in technology will change the way numbers are used in diet
planning, research will be needed to address the ways in which technology does and does
not address limited numeracy. Studies of utilization trends will be needed to determine
ways to make such aids accessible to those with low incomes and understandable by
those with less education. This research has confirmed that education in particular is a
key factor in parents' ability to manage their children's complex diets for optimal health
outcomes.
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Appendix A
Common Core State Standards Initiative 2012
Mathematics

Competency CCSS
Whole numbers
Count whole
numbers
Read whole
numbers
Order and
compare
Write

Add/Subtract

Multiply/Divide

Description

K.CC.B.4

Understand the relationship between numbers
and quantities; connect counting to cardinality.
K.CC.A.3
Write numbers from 0 to 20. Represent a number
of objects with a written numeral 0-20 (with 0
representing a count of no objects).
K.CC.C.6
Identify whether the number of objects in one
group is greater than, less than, or equal to the
number of objects in another group, e.g., by using
matching and counting strategies.
K.CC.A.3
Write numbers from 0 to 20. Represent a number
of objects with a written numeral 0-20 (with 0
representing a count of no objects).
2.NBT.A.3 Read and write numbers to 1000 using base-ten
numerals, number names, and expanded form
2.NBT.B.5 Fluently add and subtract within 100 using
strategies based on place value, properties of
operations, and/or the relationship between
addition and subtraction.
2.NBT.B.6 Add up to four two-digit numbers using strategies
based on place value and properties of operations
3.OA.A.4
Use multiplication and division within 100 to
solve word problems in situations involving equal
groups, arrays, and measurement quantities.
5.NBT.B.5 Fluently multiply multi-digit whole numbers using
the standard algorithm.

Fractions
Understand /
Read

3.NF.A.1

Understand a fraction 1/b as the quantity formed
by 1 part when a whole is partitioned into b equal
parts; understand a fraction a/b as the quantity
formed by a parts of size 1/b.

Determine

3.G.A.2

Partition shapes into parts with equal areas.
Express the area of each part as a unit fraction of
the whole. For example, partition a shape into 4
parts with equal area, and describe the area of each
part as 1/4 of the area of the shape.
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Order or Compare

3.NF.A.3d

Write

3.NF.A.3b

Add/Subtract

4.NF.B.3a
4.NF.B.3d

Multiply/Divide

4.NF.B.4b
4.NF.B.4c
5.NF.B.7c

Decimals
Write
Compare
Add/Subtract
Multiply/Divide

Round
Measure
Measure and
Estimate Capacity
and
Weight
Read simple scale

Compare two fractions with the same numerator
or the same denominator by reasoning about their
size. (Fractions with denominators 2, 3, 4, 6, 8.)
Recognize and generate simple equivalent
fractions, e.g., 1/2 = 2/4, 4/6 = 2/3.
Understand addition and subtraction of fractions
as joining and separating parts referring to the
same whole.
Solve word problems involving addition and
subtraction of fractions referring to the same
whole and having like denominators.
Understand a multiple of a/b as a multiple of 1/b,
and use this understanding to multiply a fraction
by a whole number.
Solve word problems involving multiplication of a
fraction by a whole number.
Solve real world problems involving division of
unit fractions by non-zero whole numbers and
division of whole numbers by unit fractions

4.NF.C.6

Use decimal notation for fractions with
denominators 10 or 100
4.NF.C.7
Compare two decimals to hundredths by
reasoning about their size.
5.NBT.B.7 Add, subtract, multiply, and divide decimals to
hundredths
5.NBT.B.7 Add, subtract, multiply, and divide decimals to
hundredths
6.NS.B.3
Fluently add, subtract, multiply, and divide multidigit decimals using the standard algorithm for
each operation.
5.NBT.A.4 Use place value understanding to round decimals
to any place
3MD.A.2

Measure and estimate liquid volumes and masses
of objects using standard units of grams (g),
kilograms (kg), and liters (l).1 Add, subtract,
multiply, or divide to solve one-step word
problems involving masses or volumes that are
given in the same units, e.g., by using drawings
(such as a beaker with a measurement scale) to
represent the problem.
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Estimate linear
measurements

2.MD.A.3

Estimate lengths using units of inches, feet,
centimeters, and meters.

Ratio/Percent/
Proportion
Use ratios

6.RP.A.1

Use percentages

6.RP.A.3c

Understand the concept of a ratio and use ratio
language to describe a ratio relationship between
two quantities.
Find a percent of a quantity as a rate per 100

Numerical
Operations
Convert units of
measurement

Algebra
Use expressions
and formula
equations
Utilize tables

6.RP.A.3d

Use ratio reasoning to convert measurement
units; manipulate and transform units
appropriately when multiplying or dividing
quantities

6.EE.A.2c

Evaluate expressions at specific values of their
variables. Include expressions that arise from
formulas used in real-world problems

1.MD.C.4

Organize, represent, and interpret data with up to
three categories.

2.MD.C.7

Tell and write time from analog and digital clocks
to the nearest five minutes, using a.m. and p.m.

K.MD.B.3

Classify objects into given categories; count the
numbers of objects in each category and sort the
categories by count.

Use calculator
Time
Understand /
Record

Sort and classify
objects
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Assess and record
intake

Infant
Formula

Measure
ingredients

Infant
Formula

Prepare portion to
be served

Understand recipe

Infant
Formula

Infant
Formula

Task

Context
PKU

Count whole numbers
Count fractions
Add and subtract
whole numbers
Subtract fractions
Write whole numbers
Write fractions
Add fractions
Use calculator

Count whole numbers
Order and compare
whole numbers
Order and compare
fractions
Read whole numbers
or fractions

Read whole numbers
Read fractions

Number Skills

4.NF.B.3a
K.CC.A.3
3.NF.A.3b
4.NF.B.3a

K.CC.B.4
3.NF.A.1
2.NBT.B.5

K.CC.A.3
3.NF.A.1

3NF.A.2

K.CC.B.4
K.CC.C.6.

CCSS
Math
Content1
K.CC.A.3
3.NF.A.1

Measure and
estimate
capacity
Understand
time

Measures,
Shape, &
Space
Measure
weight and
capacity
Measure
weight and
capacity
Read simple
scale
Measure
capacity
Read simple
scale
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2.MD.C.7

3.MD.A.2

3.MD.A.2

3.MD.A.2

CCSS
Math
Content1
3.MD.A.2

Record time
Record
numerical
information

Handling
Data

2.MD.C.7
1.MD.C.4

CCSS
Math
Content1
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Food and
BeveragesAcquisition

Food and
Beverages

Baby Food

Choose and serve
food to meet PHE
goal.
Retrieve data from
book or food label.
Determine PHE
content of a food
portion.
Determine
remaining PHE
allowance per
meal and choose
food to meet it.
Shop for
appropriate foods

Choose and serve
food to meet PHE
goal

Divide whole numbers
Subtract whole
numbers or fractions
Compare whole
numbers
Multiply fractions
Count whole numbers
Count fractions
Write whole numbers
and fractions
Add whole numbers
and fractions
Count whole numbers
Add and subtract
whole numbers
Add and subtract
fractions or decimals
Use ratio and
proportion
Multiply and divide
whole numbers,
fractions, or decimals
Write whole numbers,
fractions, decimals
Round decimals
Read, compare,
multiply, and divide
whole numbers
Ratio and proportion
3.OA.A.4
4.NF.B.4b
5.NBT.B.7
K.CC.A.3
3.NF.A.3b
5.NBT.A.4
K.CC.A.3
K.CC.C.6
3.OA.A.4
6.RP.A.1

4.NF.B.3a
5.NBT.B.7
6.RP.A.1

4.NF.B.4b
K.CC.B.4
3.NF.A.1
K.CC.A.3
3.NF.A.3b
2.NBT.B.5
4.NF.B.3a
K.CC.B.4
2.NBT.B.5

3.OA.A.4
2.NBT.B.5
4.NF.B.3a
K.CC.C.6.

Convert units
of measure

Convert units
of measure
Measure and
estimate
capacity
Estimate
linear
measurements

Convert units
of measure
Measure and
estimate
capacity
Estimate
linear
measurements
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5.MD.A.1

2.MD.A.3

3.MD.A.2

5.MD.A.1

2.MD.A.3

3.MD.A.2

5.MD.A.1

Use tables
Sort and
classify
objects

Use tables
Record
numerical
information

Use tables
Record
numerical
information

1.MD.C.4
K.MD.B.3

1.MD.C.4

1.MD.C.4
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Read whole numbers
Read fractions
Count whole numbers
Order and compare
whole numbers
Order and compare
fractions
Divide whole numbers
.
Count and add whole
numbers
Compare whole
numbers or decimals
K.CC.B.4
2.NBT.B.5
K.CC.C.6.

3.OA.A.4

3NF.A.2

K.CC.A.3
3.NF.A.1
K.CC.B.4
K.CC.C.6.

Measure
weight and
capacity
Read simple
scale
Understand
time
Convert units
of measure
Measure
capacity

Common Core Math Standards (Common Core State Standards Initiative, 2012)

Prepare and serve
protein products
Understand lab
results report

Protein
Products
Laboratory
Results

1

Prepare a new
food from a recipe,
determine serving
size

Food and
BeveragesFood
variety

3.MD.A.2

5.MD.A.1

2.MD.C.7

3.MD.A.2
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Use tables
1.MD.C.4
Collect and
record
numerical
information
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Schedule meals
and snacks
Choose and
serve food to
meet CHO goal.
Retrieve data
from book or
food label.
Calculate CHO
content of a food
portion.5
Determine
remaining CHO
allowance per
meal and choose
food to meet it.
Shop for
appropriate
foods

Food and
Beverages

Food and
Beverages:
acquisition

Task

Context
T1D

Read, multiply, and
divide whole
numbers
Ratio and proportion
6.RP.A.1

K.CC.A.3
3.OA.A.4

CCSS
Math
Content1
Count whole numbers K.CC.B.4
Add and subtract
2.NBT.B.5
whole numbers
Read fractions
3.NF.A.1
7
Determine fractions
4.NF.B.3a
Add and subtract
fractions or decimals 5.NBT.B.7
Multiply and divide
whole numbers,
3.OA.A.4
4.NF.B.4b
fractions, or
decimals1
5.NBT.B.7
1
Round decimals
5.NBT.A.4
Compare whole
K.CC.C.6.
numbers or fractions 3NF.A.2
Ratio and proportion1 6.RP.A.1

Number Skills

Convert units of
measurement

Understanding of
time
Convert units of
measure1
Measure and
estimate capacity
Estimate
measurements

Measures,
Shape, & Space
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5.MD.A.1

2 MD.A.3

3.MD.A.2

5.MD.A.1

CCSS
Math
Content1
2.MD.C.7

Use tables

Use tables
Record
numerical
information

Handling
Data

1.MD.C.4

CCSS
Math
Content1
1.MD.C.4
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Prepare a new
food from a
recipe, determine
serving size

Identify target
glucose level7
Read blood
glucose meter
Interpret glucose
meter reading –
determine
whether in
range6

Food and
Beverages:
food
variety

Blood
glucose
monitoring

Read whole numbers
Order and compare
whole numbers

Read whole numbers
Read fractions
Count whole numbers
Order and compare
whole numbers
Order and compare
fractions
Divide whole
numbers
K.CC.A.3
K.CC.C.6.

3.OA.A.4

3NF.A.2

K.CC.A.3
3.NF.A.1
K.CC.B.4
K.CC.C.6.

Read simple scale

Measure weight
and capacity
Read simple scale
Understand time
Convert units of
measurement
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3.MD.A.2

2.MD.C.7
5.MD.A.1

3.MD.A.2

Use graphs, 1.MD.C.4
charts
Collect and
record
numerical
information
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Calculate insulin
dose, based on
CHO intake
and/or blood
glucose level6
Schedule
medication
Interpret insulin
correction scale
table 5
Identify correct
amount of
insulin on
syringe5
Calculate CHO
intake needed for
exercise
duration5
Measure
duration of
exercise
Use expressions and
formulas (equations)

Compare decimals

Add, subtract,
multiply and divide
whole numbers
Use expressions and
formulas
Use percentages
Use ratios

6.EE.A.2c

4.NF.C.7

6.RP.A.3c
6.RP.A.1

6.EE.A.2c

2.NBT.B.5
3.OA.A.4

3.MD.A.2

Understanding of 2.MD.C.7
time

Read simple
scales

Understanding of 2.MD.C.7
time

Core State Standards (Common Core State Standards Initiative, 2012)
(Ginsburg, 2006)
3Mulvaney(Mulvaney et al., 2013)
4Huizinga 2008 (M.M. Huizinga et al., 2008)
5Cavanaugh (Cavanaugh et al., 2008) :
6 University of California (University of California San Francisco, 2013)
7Kerr(Kerr, 2010)

2 Ginsburg

1Common

Exercise

Medication
Administra
-tion

Medication
Dosing
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1.MD.C.4

Appendix D
Cognitive Numeracy Tools for Adults

Name

Description

Application

Reference

Comprehensive Adult
Student Assessment
System (CASAS)
Test of Adult Basic
Education (TABE)
Woodcock-Johnson –III
Tests of Achievement,
Math section
Wechsler Individual
Achievement Test
(WIAT-III),
Mathematics Subtests
Wide Range
Achievement Test
(WRAT-4)
Math Computation
Subset
National Assessment of
Adult Literacy Survey –
Quantitative section
Adult Skills for Life
Survey,
Maths section
Rapid Estimate of Adult
Literacy in Medicine
(REALM)
Test of Functional
Health Literacy in
Adults (TOFHLA),
Numeracy Portion,
Shortened TOFHLA

Applied mathematics problems

Adult education or
workplace assessment.
Pre- and posttesting, placement
Intellectual and
cognitive testing

(CASAS, 2013)

Math Reasoning, Numerical
Operations, Math Fluency

Assess academic
achievement

(Wechsler, 2005)

Counting, identifying numbers,
simple oral problems, written
mathematics problems

Psychological, educational, vocational
assessments

(Wilkinson,
2006)

National survey instrument

Evaluation of
national literacy
trends
National survey,
adult education

(Kutner, 2007)

Word recognition and
pronunciation

General health
literacy

(Davis et al.,
1993)

Health literacy test with a math
component

Research, clinical
assessment

(D. W. Baker et
al., 1999)

Newest Vital Sign
(NVS),
NVS-UK

Documents and quantitative
skills. Interpretation of nutrition
label

Clinical assessment

Objective Numeracy
Scale

Probability and Percentages

Research tool

(Weiss, 2005)
UK adaptation:
(Rowlands et al.,
2013)
(Lipkus et al.,
2001)

Subjective Numeracy
Test (SNS)

Self-rating of ability and affect

Research tool

(Fagerlin et al.,
2007)

Numeracy
Understanding in
Medicine (NUMi)

Health numeracy tool, including
statistics

Research and
clinical tool

(Marilyn M.
Schapira et al.,
2012)

Computation and applied
mathematics sections
Applied Problem Set

Numeracy skills test in UK
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(CTB Research,
2013)
(Woodcock,
2007)

(Excellence
Gateway, 2013)

Medical Data
Interpretation Test

Interpretation of medical
statistics

Research, inform
teaching strategies

(L. M. Schwartz,
Woloshin, S.,
Welch, H.G.,
2005)

Fostering Literacy for
Good Health Today
(FLIGHT), Viva
Desarollando Amplia
Salude
(VIDAS)

Health literacy, numeracy, use of
healthcare system. Computer
administered. English and
Spanish versions

Clinical assessment

(Ownby, 2013)

Health Literacy Skills
Instrument (HLSI ) and
Short Form (HLSI–SF)
General Health
Numeracy Test (GHNT)
Parental Health Literacy
Assessment Test
(PHLAT)
PHLAT-10
PHLAT Spanish
Diabetes Numeracy Test
(DNT)
DNT-15
DNT-Spanish

Health literacy and numeracy
assessment

(Bann et al.,
2012)

Health numeracy

Surveillance,
research, evaluation
of interventions
General health

Health literacy skills: reading
food labels, dosing OTC
medicine etc.

Caregivers of
children <13 months
of age

Measure of numeracy skills used
in diabetes
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Research and
clinical evaluation

(C. Y. Osborn et
al., 2013)
(Kumar et al.,
2010)
(Yin et al., 2012)
(M. M.
Huizinga, T. A.
Elasy, et al.,
2008)

Appendix E
Selected Affective Numeracy Assessment Tools

Name

Description

Application

Reference

Math Anxiety
Rating Scale
(MARS) 98
question version
Math Attitude
Inventory
Fennema-Sherman
Mathematics
Attitude Scale
Math Anxiety
Rating Scale
(MARS) 30
question version
Attitude Towards
Mathematics
Inventory
Mathematics
Attitude ScaleRevised
Scale for Early
Mathematic
Anxiety (SEMA)

Expected anxiety in mathrelated situations, mostly
classroom, some daily life
situations
Attitude - value and
enjoyment of math
Attitude, self-efficacy,
motivation, and anxiety

College
freshmen to
seniors

(Richardson,
1972)

College
freshmen
High school

(Aiken, 1974)

Expected anxiety in mathrelated situations, mostly
classroom, some daily life
situations
Self-efficacy, value, anxiety,
motivation

College
freshmen to
seniors

(Suinn &
Winston, 2003)

High school

(Tapia, 2004)

Positive and negative
emotions about math

College

Bai, 2008
#117}

Expected anxiety

7-9 year old
second and
third graders

(Wu et al.,
2012)
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(Fennema,
1976)

Appendix F
Recruitment Tool

Opportunity to Participate in Research about PKU!
We are looking for parents/guardians to participate in study about PKU
To be eligible:
• Your child is older than 12 months but less than 12 years
• This is your oldest child with PKU.
• The child has not been on Kuvan in the past 6 months
• Child has classic PKU, not hyperphenylalanemia (mild PKU)
Benefits to you: Help us learn about how clinics can help all families to
take care of their children with PKU.
How long does it take? About 30-45 minutes
In appreciation of your time, you will receive a gift card for $15 for your
choice of Target or Wal-Mart stores.
Where does it happen? You decide:
• Your clinic
• At a PKU Walk or other community event
• A place nearby that is convenient to you
What does it involve?
• Fill out some surveys and answer questions
• Allow us to contact your child's clinic and obtain the latest labs.
Interested?
Please look for our table at this event, or contact us to set up an appointment:
Email: dcpant01@louisville.edu
Call (502) 588-0910
This research is being conducted by:
Richard W. Wilson, DHSc, MPH
School of Public Health and Information Sciences
University of Louisville
485 E. Gray Street
Louisville, KY 40202
(502) 852-3443 Richard.wilson@lousiville.edu
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Appendix G
Parental Self-Efficacy Scale for Diabetes Management

Parent Survey: Taking Care of a Child with Type 1 Diabetes
INSTRUCTIONS: This is a survey that was created to measure how well you feel you
take care of your child's diabetes. Each statement is a statement of belief that you may
or may not agree with. Next to each statement is a scale with a range from strongly
disagree (1) to strongly agree (2). Please respond to each statement by circling one
number next to it. Choose your response carefully, and make sure it is true for YOU.
Strongly
Disagree

Strongly
Agree

1. It is hard for me to find ways to solve
problems that occur in dealing with
my child's diabetes.

1

2

3

4

5

2. When I try to change things I don't like
about my child's diabetes it doesn't work.

1

2

3

4

5

3. I take care of my child well when it comes
to his/her diabetes.

1

2

3

4

5

4. I am able to deal with things related to my
child's diabetes as well as others .

1

2

3

4

5

5. I am successful when it comes to projects
I do to take care of my child's diabetes.

1

2

3

4

5

6. Usually, my plans to take care of my child's
diabetes don't work out.

1

2

3

4

5

7. No mater how hard I try, taking care of my
child's diabetes doesn't turn out the way I like.

1

2

3

4

5

8. I'm usually able to accomplish the goals I set
in trying to take care of my child's diabetes.

1

2

3

4

5
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Appendix H
Parental Self-Efficacy Scale for PKU Management

Parent Survey: Taking Care of a Child with PKU
INSTRUCTIONS: This is a survey that was created to measure how well you feel you
take care of your child's PKU. Each statement is a statement of belief that you may or
may not agree with. Next to each statement is a scale with a range from strongly
disagree (1) to strongly agree (2). Please respond to each statement by circling one
number next to it. Choose your response carefully, and make sure it is true for YOU.
Strongly
Disagree

Strongly
Agree

1. It is hard for me to find ways to solve
problems that occur in dealing with
my child's PKU.

1

2

3

4

5

2. When I try to change things I don't like
about my child's PKU it doesn't work.

1

2

3

4

5

3. I take care of my child well when it comes
to his/her PKU.

1

2

3

4

5

4. I am able to deal with things related to my
child's PKU as well as others .

1

2

3

4

5

5. I am successful when it comes to projects
I do to take care of my child's PKU.

1

2

3

4

5

6. Usually, my plans to take care of my child's
PKU don't work out.

1

2

3

4

5

7. No mater how hard I try, taking care of my
child's PKU doesn't turn out the way I like.

1

2

3

4

5

8. I'm usually able to accomplish the goals I set
in trying to take care of my child's PKU.

1

2

3

4

5
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Appendix I
Daily-Life Mathematics Attitude Scale Survey: Feelings about Numbers
Thank you for agreeing to participate in this survey. THESE QUESTIONS ARE BEING USED
FOR RESEARCH PURPOSES ONLY. NO ONE WILL KNOW WHICH RESPONSES YOU
PICKED.

Directions
Please read the statements below and circle the response that best describes your feelings.
There are no right or wrong answers. Circle the response that is true for you.
1. I don’t usually worry about being able to use numbers to solve problems.
Strongly
Agree

Somewhat
Agree

Neutral

Somewhat
Disagree

Strongly
Disagree

2. When a situation involving numbers arises that I can’t immediately figure out,
I stick with it until I have the answer.
Strongly
Agree

Somewhat
Agree

Neutral

Somewhat
Disagree

Strongly
Disagree

3. Math makes me feel uneasy and confused.
Strongly
Agree

Somewhat
Agree

Neutral

Somewhat
Disagree

4. I do as little work with numbers as possible.
Strongly
Agree

Somewhat
Agree

Neutral

5. Math is enjoyable and stimulating to me.
Strongly
Agree

Somewhat
Agree

Neutral

Strongly
Disagree

Somewhat
Disagree

Somewhat
Disagree

Strongly
Disagree

Strongly
Disagree

6. Math makes me feel uncomfortable, restless, irritable, and impatient.
Strongly
Agree

Somewhat
Agree

Neutral
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Somewhat
Disagree

Strongly
Disagree

7. I like math puzzles.
Strongly
Agree

Somewhat
Agree

Neutral

Somewhat
Disagree

Strongly
Disagree

8. The challenge of figuring out a problem using numbers does not appeal to me.
Strongly
Agree

Somewhat
Agree

Neutral

Somewhat
Disagree

Strongly
Disagree

9. I don’t understand how some people can spend so much time on math and
seem to enjoy it.
Strongly
Agree

Somewhat
Agree

Neutral

Somewhat
Disagree

Strongly
Disagree

10. I get a sinking feeling when I think of trying to figure out a situation using
numbers.
Strongly
Agree

Somewhat
Agree

Neutral

Somewhat
Disagree

Strongly
Disagree

11. I do as little work with numbers as possible.
Strongly
Agree

Somewhat
Agree

Neutral

Somewhat
Disagree

12. Math usually makes me feel uncomfortable and nervous.
Strongly
Agree

Somewhat
Agree

13. Math puzzles are boring.
Strongly
Agree

Somewhat
Agree

Neutral

Somewhat
Disagree

Strongly
Disagree

Neutral

Somewhat
Disagree

Strongly
Disagree
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Strongly
Disagree

14. Math doesn’t scare me at all.
Strongly
Agree

Somewhat
Agree

Neutral

Somewhat
Disagree

Strongly
Disagree

15. Once I start trying to work on a math puzzle, I find it hard to stop.
Strongly
Agree

Somewhat
Agree

Neutral

Somewhat
Disagree

Strongly
Disagree

16. Figuring out a situation that involves numbers does not appeal to me.

Strongly
Agree

Somewhat
Agree

Neutral
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Somewhat
Disagree

Strongly
Disagree

Appendix J
Demographic Data Form - PKU
Information About You and Your Child
Thank you for participating in this research project. We would like some information
about yourself and your child. Please answer the questions below. This information will
not be shared with anyone, and your name will not be on the questionnaire, so it cannot
be connected with you. Thank you.
How old was your child on her/his last birthday?
______________ years
How old were you on your last birthday?
______________ years
What race do you consider yourself?
_______________
For how many years have you managed your child's special diet ?
______________years
Please place a check mark in front of the highest grade or education level you've
completed:
____No formal education
____1 year of vocational / business / technical school
____Kindergarten
____2 years of vocational / business/ technical school
____1st Grade
____1 year of undergraduate education
____2nd Grade
____2 years of undergraduate education
____3rd Grade
(Associate's Degree)
____4th Grade
____3 years of undergraduate education
____5th Grade
____4 years of undergraduate education
____6th Grade
(Bachelor's degree)
____7th Grade
____1 year of post-graduate education
____8th Grade
____2 years of post-graduate education
____9th Grade
(Master's degree)
____10th Grade
____3 years of post-graduate education
____11th Grade
____4 or more years of post-graduate education
____12th Grade (or GED)
(PhD, MD, JD, DDS, DVM etc.)
Looking at the list of educational levels above, at which level of education did you take
your last math class? Please write it here____________________.
Would you describe the place where you live as......
________Big city
________Suburb, Outskirts
________Medium-sized city or town
________Small town
________Farm, or live in the country
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How do you manage your child's diet? Put a check by the statement that is closest to what
you do:
___Count milligrams of phe (phenylalanine)
___Count grams of protein
___Count exchanges (1 exchange = 15 mg of phe)
___ Don't count - I know what foods my child can and cannot have
___ Other:
Please explain:____________________________________________________
What type of insurance does your child have?
_______ Public insurance such as Medicaid, Passport, Coventry Cares, Humana
CareSource, Wellcare, usually through the state government.
________ Private insurance such as Anthem Blue Cross/BlueShield, United Healthcare,
Tricare, Humana, Aetna, or other policy, usually through an employer
How many people are in your household? ________

How many adults? ________

What was your total family income, from all sources, from last year - 2013?
This includes salaries, public aid (welfare), Social Security or other pension, child
support. It is the total income you listed on your taxes, before deductions.
Look at the income category list, and write here the letter of your income category _____
A

UNDER $1, 000

N

$60,000 TO 64,999

B

$1 000 TO 4,999

O

$65,000 TO 69,999

C

$5 000 TO 9,999

P

$70,000 TO 74,000

D

$10,000 TO 14,999

Q

$75,000 TO 79,999

E

$15,000 TO 19,999

R

$80,000 TO 84,999

F

$20,000 TO 24,999

S

$85,000 TO 89,999

G

$25,000 TO 29,999

T

$90,000 TO 94,999

H

$30,000 TO 34,999

U

$95,000 TO 99,999

I

$35,000 TO 39,999

V

$100,000 TO 124,999

J

$40,000 TO 44,999

W

$125,000 TO 149,999

K

$45,000 TO 49,999

X

$150,000 TO 199,999

L

$50,000 TO 54,999

Y

$200,000 or over

M

$55,000 TO 59,999
THANK YOU FOR YOUR TIME TODAY!
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Appendix K
Demographic Data Form - T1D
Information About You and Your Child
Thank you for participating in this research project. We would like some information
about yourself and your child. Please answer the questions below. This information will
not be shared with anyone, and your name will not be on the questionnaire, so it cannot
be connected with you. Thank you.
How old was your child on her/his last birthday?
______________ years
How old were you on your last birthday?
______________ years
What race do you consider yourself?
_______________
For how many years have you managed your child's special diet ?
______________years
Please place a check mark in front of the highest grade or education level you've
completed:
____No formal education
____1 year of vocational / business / technical school
____Kindergarten
____2 years of vocational / business/ technical school
____1st Grade
____1 year of undergraduate education
____2nd Grade
____2 years of undergraduate education
____3rd Grade
(Associate's Degree)
____4th Grade
____3 years of undergraduate education
____5th Grade
____4 years of undergraduate education
____6th Grade
(Bachelor's degree)
____7th Grade
____1 year of post-graduate education
____8th Grade
____2 years of post-graduate education
____9th Grade
(Master's degree)
____10th Grade
____3 years of post-graduate education
____11th Grade
____4 or more years of post-graduate education
____12th Grade (or GED)
(PhD, MD, JD, DDS, DVM etc.)
Looking at the list of educational levels above, at which level of education did you take
your last math class? Please write it here____________________.
Would you describe the place where you live as......
________Big city
________Suburb, Outskirts
________Medium-sized city or town
________Small town
________Farm, or live in the country
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How do you manage your child's diet? Put a check by the statement that is closest to what
you do:
___Count grams of carbs
___Sometimes count and sometimes estimate grams of carbs
___Estimate grams of carbs
___ Sometimes estimate, sometimes don't keep track of grams of carbs
___Don't keep track of carbs at all
___ Other: Please explain:_____________________________________________
What type of insurance does your child have?
_______ Public insurance such as Medicaid, Passport, Coventry Cares, Humana
CareSource, Wellcare, usually through the state government.
________ Private insurance such as Anthem Blue Cross/BlueShield, United Healthcare,
Tricare, Humana, Aetna, or other policy, usually through an employer
How many people are in your household? ________

How many adults? ________

What was your total family income, from all sources, from last year - 2013?
This includes salaries, public aid (welfare), Social Security or other pension, child
support. It is the total income you listed on your taxes, before deductions.
Look at the income category list, and write here the letter of your income category _____
A

UNDER $1, 000

B

$1 000 TO 4,999

N

$60,000 TO 64,999

C

$5 000 TO 9,999

O

$65,000 TO 69,999

D

$10,000 TO 14,999

P

$70,000 TO 74,000

E

$15,000 TO 19,999

Q

$75,000 TO 79,999

F

$20,000 TO 24,999

R

$80,000 TO 84,999

G

$25,000 TO 29,999

S

$85,000 TO 89,999

H

$30,000 TO 34,999

T

$90,000 TO 94,999

I

$35,000 TO 39,999

U

$95,000 TO 99,999

J

$40,000 TO 44,999

V

$100,000 TO 124,999

K

$45,000 TO 49,999

W

$125,000 TO 149,999

L

$50,000 TO 54,999

X

$150,000 TO 199,999

M

$55,000 TO 59,999

Y

$200,000 or over

THANK YOU FOR YOUR TIME TODAY!
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Appendix L
Association Between Peripheral Variables
Blood Levels by Community Type
Community Type

Mean

N

Std. Deviation

Big City

6.7761

10

.89691

Suburb, Outskirts

7.2808

27

1.23359

Medium-sized City or Town

7.8102

22

1.14161

Small Town

8.2508

18

1.40958

Farm or In the Country

8.1469

20

1.35196

Total

7.7074

97

1.31371

ANOVA Table
Sum of
Squares
Blood Levels *
Between
Community Type Groups
Within Groups
Total

Mean
Square

df

22.999

4

142.680

92

165.679

96

161

F

5.750 3.707
1.551

Sig.
.008

Appendix L, Continued
Association Between Peripheral Variables
Above Goal by Community Type
Community Type

Mean

N

Std. Deviation

Big City

.2773

10

.33115

Suburb, Outskirts

.5640

27

.86308

Medium-sized City or Town

.9167

22

.93933

Small Town

1.4020

18

1.11629

Farm or In the Country

1.3434

20

1.29138

.9306

97

1.05604

Total

ANOVA Table
Sum of
Squares
Above Goal *
Between
Community Type Groups
Within Groups
Total

Mean
Square

df

15.309

4

91.753

92

107.062

96

162

F

3.827 3.838
.997

Sig.
.006

Appendix L, Continued
Association Between Peripheral Variables

Blood Levels by Insurance Type
Insurance Type

Mean

N

Std. Deviation

Public

7.7992

39

1.41848

Private

7.6351

55

1.24035

None

7.8401

3

1.65432

Total

7.7074

97

1.31371

ANOVA Table
Sum of
Squares
Blood Levels *
Insurance Type

Between
Groups

Mean
Square

df

.669

2

Within Groups

165.010

94

Total

165.679

96

163

F

.335 .191
1.755

Sig.
.827

Appendix L, Continued
Association Between Peripheral Variables

Above Goal by Insurance Type
Insurance Type

Mean

Std. Deviation

N

Public

1.2857

39

1.23716

Private

.6667

55

.84942

None

1.1535

3

.72082

Total

.9306

97

1.05604

ANOVA Table
Sum of
Squares
Above Goal *
Insurance Type

Between
Groups
Within Groups
Total

164

Mean
Square

df

8.899

2

98.162

94

107.062

96

F

Sig.

4.450 4.261 .017
1.044
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